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PREFACE  TO  THIRD  EDITION. 

The  three  years  which  have  elapsed  since  the  last  edition  was  pub- 
lished have  been  a  period  of  steady  growth  in  our  knowledge  concern- 
ing bacteria  and  protozoa.  This  has  necessitated  a  thorough  revision 
and  considerable  enlargement  of  both  portions  of  the  book.  Subjects 
such  as  the  opsonic  index,  the  bacteriology  of  the  normal  intestines, 
and  the  elimination  of  the  non-antitoxic  substances  in  protective  sera 
were  tiiought  of  little  importance  three  years  ago.  These  and  many 
others  which  have  increased  in  interest  are  fully  considered  in  the 
present  edition.  The  portion  of  the  book  devoted  to  protozoa  has 
been  thoroughly  revised  by  Dr.  Williams,  who  wishes  to  acknowledge 
her  indebtedness  to.  Prof.  Gary  N.  Calkins  for  valuable  suggestions. 
A  glossary  of  some  of  the  newer  and  more  technical  terms  has  been 
added. 

I  am  greatly  indebted  to  all  my  associates  in  the  laboratory  for 
aid  in  many  different  ways.  For  tiie  chapter  on  intestinal  bacteria  I 
am  especially  indebted  to  Dr.  Collins,  and  for  help  in  the  proof- 
reading to  Dr.  A.  J.  Kendal,  and  to  Miss  Geraldine  Anthony  the 
librarian  of  the  laboratory. 

This  new  edition,  like  its  predecessors,  is  intended  to  answer  the 
needs  of  the  student  and  physician  and  to  cover  the  whole  subject  of 
pathogenic  microorganisms  from  their  standpoint. 

W.  H.  P. 

New  York,  July,  1908. 
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PART  I. 

PRINCIPLES  OF  BACTERIOLOGY 


CHAPTER   I. 
INTRODUCTORY— HISTORICAL  SKETCH. 

Although  most  of  the  more  important  discoveries  in  bacteriology 
which  place  it  on  the  footing  of  a  science  are  of  comparatively  recent 
date,  the  foundations  of  its  study  were  laid  over  two  centuries  ago. 
From  the  earliest  times  the  history  of  bacteriology  has  been  intimately 
associated  with  that  of  medicine.  Indeed,  it  is  only  throu^  -the 
investigations  into  the  life  history  of  the  vegetable  and  animal  uni- 
cellular microorganisms  that  our  present  knowledge  of  the  etiology, 
course,  and  prevention  of  the  infectious  diseases  has  been  acquired. 
The  prominent  position  which  bacteriology  already  holds  toward 
medicine  is,  moreover,  daily  increasing  in  importance.  Original  dis- 
coveries are  constantly  adding  to  our  knowledge  of  germ  diseases,  and 
the  outlook  is  favorable  for  eventually  obtaining,  throu^  serums, 
through  attenuated  cultures,  or  through  the  toxic  substances  produced 
by  microorganisms  themselves,  means  for  immunizing  against,  if  not 
curing,  many  of  the  specific  infections.  Even  at  present  bacterial 
products  and  protective  serums  are  used  successfully  as  preventive 
or  curative  agents  in  several  of  the  most  prevalent  infectious  diseases. 
An  acquaintance,  therefore,  with  the  main  facts  concerning  these 
microorganisms  is  as  necessary  to  the  education  of  the  modern  physi- 
cian as  a  knowledge  of  anatomy,  pathology,  chemistry,  or  any  of  the 
allied  sciences. 

But  before  entering  into  a  detailed  consideration  of  the  subject  it 
may  be  interesting  and  instructive  to  review  very  briefly  a  few  of  the 
important  steps  which  led  to  the  development  of  the  science,  and  upon 
which  its  foundation  rests,  in  which  we  shall  see  that  the  results 
obtained  were  gained  only  through  long  and  laborious  research,  and 
after  many  obstacles  were  met  and  overcome  by  accurate  observation 
and  experiment. 

2  1 
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Probably  the  first  authentic  observations  of  living  microscopic 
organisms  of  which  there  is  any  record  are  those  of  Kircher,  in  1659. 
This  original  investigator  demonstrated  the  presence  in  putrid  meat, 
milk,  vinegar,  cheese,  etc.,  of  "  minute  living  worms,"  but  did  not 
describe  their  form  or  character. 

Not  long  after  this,  in  1675,  Leeuwenhoeck  observed  in  rain-water, 
putrid  infusions,  and  in  his  own  and  other  saliva  and  diarrhoeal  evac- 
uations living,  motile  "  animalculae "  of  most  minute  dimensions, 
which  he  described  and  illustrated  by  drawings.  Leeuwenhoeck 
practised  the  art  of  lens-grinding,  in  which  he  eventually  became  so 
proficient  that  he  perfected  a  lens  superior  to  any  magnifying  glass 
obtainable  at  that  day,  and  with  which  he  was  enabled  to  see  objects 
very  much  smaller  than  had  ever  been  seen  before.  "  With  the  great- 
est astonishment,"  he  writes,  "  I  observed  distributed  everywhere 
through  the  material  which  I  was  examining  animalcules  of  the  most 
microscopic  size,  which  moved  themselves  about  very  energetically." 
The  work  of  this  observer  is  conspicuous  for  its  purely  objective  char- 
acter and  absence  of  speculation;  and  his  descriptions  and  illustra- 
tions are  done  with  remarkable  clearness  and  accuracy,  considering 
the  imperfect  optical  instruments  at  his  command.  It  was  not 
until  many  years  later,  however,  that  any  attempt  was  made  to  define 
the  characters  of  these  minute  organisms  and  to  classify  them 
systematically. 

From  the  earliest  investigations  into  the  life  history  and  properties 
of  bacteria  microorganisms  have  been  thought  to  play  an  important 
part  in  the  causation  of  infectious  diseases.  Shortly  after  the  first 
investigations  into  this  subject  the  opinion  was  advanced  that  puer- 
peral fever,  measles,  smallpox,  typhus,  pleurisy,  epilepsy,  gout,  and 
many  other  diseases  were  due  to  contagion.  In  fact,  so  widespread 
became  the  belief  in  a  causal  relation  of  these  minute  organisms  to 
disease  that  it  soon  amounted  to  a  veritable  craze,  and  all  forms  and 
kinds  of  diseases  were  said  to  be  produced  in  this  way,  upon  no  other 
foundation  than  that  these  organisms  had  been  found  in  the  mouth 
and  intestinal  contents  of  men  and  animals,  and  in  water. 

Among  those  who  were  especially  conspicuous  at  this  time  for  their 
advanced  views  on  the  germ-theory  of  infectious  diseases  was  Marcus 
Antonius  Plenciz,  a  physician  of  Vienna.  This  acute  obsen^er,  who 
published  his  views  in  1762,  maintained  that  not  only  were  all  infec- 
tious diseases  caused  by  microorganisms,  but  that  the  infective  mate- 
rial could  be  nothing  else  than  a  living  organism.  On  these  groimds 
he  endeavored  to  explain  the  variations  in  the  period  of  incubation  of 
the  different  infectious  diseases.  lie  also  insisted  that  there  were 
special  germs  for  each  infectious  disease  by  which  the  specific  disease 
was  produced.  Plenciz  believed,  moreover,  that  these  organisms  were 
capable  of  multiplication  in  the  body,  and  suggested  the  possibility 
of  their  being  conveyed  from  place  to  place  through  the  air. 

These  views,  it  is  true,  were  largely  speculative,  and  rested  upon 
insuflScient  experiment ;  but  they  were  so  plausible,  and  the  arguments 
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put  forward  in  their  support  were  so  logical  and  convincing,  that  they 
continued  to  gain  ground,  in  spite  of  considerable  opposition  and 
ridicule,  and  in  many  instances  the  conclusions  reached  have  since 
been  proved  to  be  correct.  The  fact  that  infectious  diseases  were  of 
sudden  occurrence,  breaking  out  often  in  isolated  places,  and  that 
they  frequently  remained  clinging  for  long  periods  to  certain  locali- 
ties, leaving  other  areas  unaffected,  was  evidence  that  they  were  not 
produced  by  a  gaseous  infective  agent  Moreover,  the  mode  of  infec- 
tion, its  unlimited  development  among  large  numbers  of  individuals, 
and  gradual  spread  over  wide  areas — the  incubation,  course  of,  and 
resulting  immunity  in  recovery  from  infectious  diseases — all  pointed 
to  a  living  organism  as  the  probable  cause. 

Among  other  distinguished  men  of  the  day  whose  observations 
exerted  a  most  powerful  influence  upon  the  doctrine  of  infection  may 
be  mentioned  Henle.  His  writings  (Pathological  Investigations, 
1840,  and  Text-hook  of  Rational  Pathology,  1853),  in  which  he 
described  the  relation  of  microorganisms  to  infectious  diseases,  and 
defined  the  character  and  action  of  bacteria  upon  certain  phases  and 
symptoms  of  these  affections,  are  remarkable  for  their  clearness  and 
precision. 

But,  meanwhile,  the  question  which  most  interested  these  investi- 
gators into  the  cause  of  infectious  diseases  was:  Whence  are  these 
microorganisms  derived  which  were  supposed  to  produce  them? 
Were  they  the  result  of  spontaneous  generation  due  to  vegetative 
changes  in  the  substances  in  which  the  organisms  were  found,  or 
were  they  reproduced  from  similar  preexisting  organisms — the  so- 
called  vitalistic  theory?  This  question  is  intimately  connected 
with  the  investigations  into  the  origin  and  nature  of  fermentation 
and  putrefaction. 

Spallanzani  in  1769  demonstrated  that  if  putrescible  infusions  of 
organic  matter  were  placed  in  hermetically  sealed  flasks  and  then 
boiled  the  liquids  were  sterilized;  neither  were  living  organisms 
found  in  the  solutions,  nor  did  they  decompose;  and  the  infusions 
remained  unchanged  for  an  indefinite  period. 

The  objection  was  raised  to  these  experiments  that  the  high  tem- 
perature to  which  the  liquids  had  been  subjected  so  altered  them  that 
spontaneous  generation  could  no  longer  take  place.  Spallanzani  met 
the  objection  by  cracking  one  of  the  flasks  and  allowing  air  to  enter, 
when  living  organisms  and  decomposition  again  appeared  in  the 
boiled  infusions. 

Another  objection  raised  by  the  believers  in  spontaneous  generation 
was  that  in  excluding  the  oxygen  of  the  air  by  hermetically  sealing 
the  flasks  the  essential  condition  for  the  development  of  fermentation, 
which  required  free  admission  of  this  gas,  was  interfered  with.  This 
objection  was  then  met  by  Schulze,  in  1836,  by  causing  the  air 
admitted  to  the  boiled  decomposable  liquids  to  pass  through  strong 
sulphuric  acid.  Air  thus  robbed  of  its  living  organisms  did  not  pro- 
duce decomposition;  whereas  when  no  such  precautions  were  taken 


4  PATHOGENIC  MICROORGANISMS. 

with  the  air  admitted  the  boiled  solutions  quickly  putrefied,  and  liv- 
ing organisms  were  found  to  be  present 

Schwann  in  1839  obtained  similar  results  in  another  way;  he 
deprived  of  microorganisms  the  air  admitted  to  his  boiled  liquids  by 
passing  it  through  a  tube  which  was  heated  to  a  temperature  high 
enough  to  destroy  them.  To  tliis  investigator  is  also  due  the  credit 
of  having  discovered  the  specific  cause — the  yeast  plant,  or  sacchwro- 
myces  cerevisice — of  alcoholic  fermentation,  the  process  by  which 
sugar  is  decomposed  into  alcohol  and  carbonic  acid. 

Again,  it  was  objected  to  these  experiments  that  the  heating  of  the 
air  had  perhaps  brought  about  some  chemical  change  which  hindered 
the  production  of  fermentation.  Schroeder  and  von  Dusch  in  1854 
then  showed  that  by  a  simple  process  of  filtration,  which  has  since 
proved  of  inestimable  value  in  bacteriological  work,  the  air  can  be 
mechanically  freed  from  germs.  By  placing  in  the  mouth  of  the 
flask  containing  the  boiled  solutions  a  loose  plug  of  cotton,  through 
which  the  air  could  freely  circulate,  it  was  found  that  all  suspended 
microorganisms  could  be  excluded,  and  that  air  passed  through  such 
a  filter,  whether  hot  or  cold,  did  not  cause  fermentation  of  boiled 
infusions. 

Similar  results  were  obtained  by  Hoffmann  in  1860,  and  by  Chev- 
reul  and  Pasteur  in  1861,  without  a  cotton  filter,  by  drawing  out  the 
neck  of  the  flask  to  a  fine  tube  and  turning  it  downward,  leaving  the 
mouth  open.  In  this  case  the  force  of  gravity  prevents  the  suspended 
bacteria  from  ascending,  as  there  is  no  current  of  air  lb  carry  them 
upward  through  the  tube  into  the  flask  containing  the  boiled  infusion. 

Tyndall  later  showed  (1876),  by  his  well-known  investigations 
upon  the  floating  matters  of  the  air,  that  in  a  closed  diamber,  in 
which  the  air  is  not  disturbed  by  currents,  all  suspended  particles 
settle  to  the  bottom,  the  superincumbent  air  being  optically  pure,  as 
is  proved  by  passing  a  ray  of  light  through  it.  He  demonstrated  that 
the  presence  of  living  organisms  in  decomposing  fluids  was  always  to 
be  explained  either  by  the  preexistence  of  similar  living  forms  in  the 
infusion  or  upon  the  walls  of  the  vessel  containing  it,  or  by  the 
infusion  having  been  exposed  to  air  which  was  contaminated  with 
organisms. 

These  facts  have  since  been  practically  confirmed  on  a  large  scale 
in  the  preservation  of  food  by  the  process  of  sterilization.  Indeed, 
there  is  scarcely  any  biological  problem  which  has  been  so  satisfac- 
torily solved  or  in  which  such  uniform  results  have  been  obtained; 
but  all  through  the  experiments  of  the  earlier  investigators  irregulari- 
ties were  constantly  appearing.  Although  in  the  large  majority  of 
cases  it  was  found  possible  to  keep  boiled  organic  liquids  sterile  in 
flasks  to  which  the  oxygen  of  the  air  had  free  access,  the  question  of 
spontaneous  generation  still  remained  unsettled,  inasmuch  as  occa- 
sionally, even  under  the  most  careful  precautions,  decomposition  did 
occur  in  such  boiled  liquids. 

This  fact  wag  explained  by  Pasteur  in  1860  by  experiments  show- 
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ing  that  the  temperature  of  boiling  water  was  not  sufficient  to  destroy 
all  living  organisms,  and  that,  especially  in  alkaline  liquids,  a  higher 
temperature  was  required  to  ensure  sterilization.  He  showed,  how- 
ever, that  at  a  temperature  of  110°  to  112°  C,  which  he  obtained  by 
boiling  under  a  pressure  of  one  and  one-half  atmospheres,  all  living 
organisms  were  invariably  killed. 

Pasteur  at  a  later  date  (1865)  demonstrated  the  fact  that  the 
organisms  which  resist  boiling  temperature  are,  in  fact,  reproductive 
bodies,  which  are  now  known  as  spores. 

In  1876  the  development  of  spores  was  carefully  investigated  and 
explained  by  Ferdinand  Cohn.  He,  and  a  little  later  Koch,  showed 
that  certain  rod-shaped  organisms  possess  the  power  of  passing  into 
a  resting  or  spore  stage  under  peculiar  conditions  of  growth,  and 
when  in  this  stage  they  are  much  less  susceptible  to  the  injurious 
action  of  higher  temperatures  than  in  iJieir  normal  vegetative 
condition. 

With  this  discovery  the  controversy  of  spontaneous  generation,  in 
so  far  as  it  related  to  identified  bacteria,  was  finally  settled.  If  these 
microorganisms,  some  of  which,  being  capable  of  producing  the  more 
resistant  spores,  were  present  in  the  air,  dust,  soil,  water,  etc.,  it  was 
easy  enough  to  explain  the  irregularities  in  the  previous  experiments ; 
nor  was  it  any  longer  to  be  doubted  that  these  bacteria,  through  their 
products,  were  the  cause,  not  the  effect^  of  fermentation  and  putrefac- 
tion, and  that  when  organic  substances  were  completely  sterilized  and 
protected  against  the  entrance  of  living  germs  from  without,  no  devel- 
opment of  microorganisms  occurred  in  them. 

Stimulated  by  the  establishment  of  the  fact,  through  Pasteur's 
investigations,  tiiat  fermentation  and  putrefaction  were  due  to  the 
action  of  living  organisms  reproduced  from  similar  preexisting  forms, 
and  that  each  form  of  fermentation  was  due  to  a  special  microorgan- 
ism, the  study  of  the  causal  relation  of  microorganisms  to  disease  was 
taken  up  with  renewed  vigor.  Reference  has  already  been  made  to 
the  opinions  and  hypotheses  of  the  earlier  observers  as  to  the  microbic 
origin  of  infectious  diseases.  The  first  positive  grounds,  however, 
for  this  doctrine,  founded  upon  actual  experiment,  were  the  investi- 
gations into  the  cause  of  certain  infectious  diseases  in  insects  and 
plants.  Thus,  Bassi  in  1837  demonstrated  that  a  fatal  infectious 
malady  of  the  silkworm — muscardine — ^was  due  to  a  parasitic  micro- 
organism. Pasteur  later  devoted  several  years'  study  to  an  exhaus- 
tive investigation  into  the  same  subject;  and  in  like  manner  Tulasse 
in  1864  and  Kiihne  in  1855  showed  that  certain  specific  aflfections  in 
grains,  the  potato,  etc.,  were  due  to  the  invasion  of  parasites. 

Very  soon  after  this  it  was  demonstrated  that  microorganisms  were 
probably  the  cause  of  certain  infectious  diseases  in  man  and  the 
higher  animals.  Bacteriological  research  has  always  been  of  special 
interest  to  physicians.  Many  of  the  most  distinguished  physicians 
of  the  day,  in  the  earlier  history  of  the  science,  concerned  themselves 
in  these  investigations,  and  the  progress  made  during  the  past  fifteen 
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or  twenty  years  has  been  largely  due  to  their  work.  Davaine,  a 
famous  French  physician,  has  the  honor  of  having  first  demonstrated 
the  causal  relation  of  a  microorganism  to  a  specific  infectious  disease 
in  man  and  animals.  The  anthrax  bacillus  was  discovered  in  the 
blood  of  animals  dying  from  this  disease  by  PoUender  in  1849  and 
by  Davaine  in  1850 ;  but  it  was  not  until  1863  that  the  last-named 
observer  demonstrated  by  inoculation  experiments  that  the  bacillus 
was  the  cause  of  anthrax. 

The  next  discoveries  made  were  those  relating  to  wounds  and  the 
infections  to  which  they  are  liable.  Rindfleisch  in  1866  and  Wal- 
deyer  and  von  Recklinghausen  in  1871  were  the  first  to  draw  atten- 
tion to  the  minute  organisms  occurring  in  the  pyaemic  processes  result- 
ing from  infected  wounds,  and  occasionally  following  typhoid  fever. 
Further  investigations  w^ere  made  in  erysipelatous  inflanunations 
secondary  to  injury  by  Billroth,  Fehleisen,  and  others,  agreeing  that 
in  these  conditions  microorganisms  could  almost  always  be  detected 
in  the  lymph  channels  of  the  subcutaneous  tissues. 

The  brilliant  results  obtained  by  Lister  in  1863-1870,  in  the  anti- 
septic treatment  of  wounds,  to  prevent  or  inhibit  the  action  of  infec- 
tive organisms,  exerted  a  powerful  influence  on  the  doctrine  of  bac- 
terial infection,  causing  it  to  be  recognized  far  and  wide  and  gradually 
lessening  the  number  of  its  opponents.  Lister's  methods  were  sug- 
gested to  him  by  Pasteur's  investigations  on  putrefaction. 

In  1877  Weigert  and  Ehrlich  recommended  the  use  of  the  aniline 
dyes  as  staining  agents  in  the  microscopic  examination  of  micro- 
organisms in  cover-glass  preparations. 

In  the  year  1880  Pasteur  published  his  discovery  of  the  bacillus 
of  fowl  cholera  and  his  investigations  upon  the  attenuation  of  the 
virus  of  anthrax  and  of  fowl  cholera,  and  upon  protective  inoculation 
against  these  diseases.  Laveran  in  the  same  year  announced  the  dis- 
covery of  parasitic  bodies  in  the  blood  of  persons  sick  with  malarial 
fever,  and  thus  stimulated  investigations  upon  the  unicellular  animal 
parasites. 

In  1881  Koch  made  his  fundamental  researches  upon  pathogenic 
bacteria.  He  introduced  solid  culture  media  and  the  "  plate 
method "  for  obtaining  pure  cultures,  and  showed  how  different 
organisms  could  be  isolated,  cultivated  independently,  and,  by  inocu- 
lation of  pure  cultures  into  susceptible  animals,  made,  in  many  cases, 
to  reproduce  the  specific  disease  of  which  they  were  the  cause.  To 
him  more  than  any  other  are  due  the  methods  which  have  enabled 
us  to  prove  absolutely  in  a  broad  sense  the  permanence  of  bacterial 
varieties.  It  was  in  the  course  of  this  work  that  the  Abbe  system 
of  substage  condensing  apparatus  was  first  used  in  bacteriology. 

In  1882  Pasteur  published  his  first  communication  upon  rabies. 
A  little  later  came  the  investigations  of  Loeffler  and  Roux  upon  the 
diphtheria  bacillus  and  its  toxins,  and  that  of  Kitasato  upon  tetanus. 
These  researches  paved  the  way  for  Behring's  discovery  of  diphtheria 
antitoxin,  which  in  its  turn  stimulated  investigation  upon  the  whole 
subject  of  immunity. 


CHAPTER  II. 

GENERAL  CHARACTERISTICS  OF  BACTERIA— RELATION  TO 

OTHER  MICROORGANISMS— MORPHOLOGY  AND 

STRUCTURE. 

Among  the  microorganisms  which  have  in  conmion  the  ability  to 
produce  disease  in  animals  and  plants,  the  most  important  are  the 
Bacteria.  Some  of  the  pathogenic  groups  of  microorganisms  are 
undoubtedly  animal  structures,  while  others  are  clearly  minute 
plants.  Bacteria,  however,  are  such  primitive  forms  that  their  dif- 
ferentiation is  not  marked,  being  related  to  both  plants  and  animals, 
but  their  resemblance  to  plants  seems  to  be  so  much  closer  that  they 
are  usually  assigned  to  the  vegetable  kingdom. 

It  has  been  suggested  that  under  the  name  Protista  a  third  king^ 
dom  be  formed  consisting  of  all  the  lowest  microorganisms,  includ- 
ing the  protozoa,  the  bacteria,  the  yeasts  and  the  moulds. 

The  bacteria  are  able  to  obtain  their  nourishment  from  much 
simpler  chemical  substances  than  most  animal  cells,  yet  they  can- 
not use  some  of  the  substances  which  are  assimilable  by  the  green 
plants.  Structurally  and  morphologically  they  are  apparently  ex- 
tremely simple,  although  biologically  they  are  very  variable.  Some 
bacteria  are  endowed  with  motility,  others  lack  it  The  majority 
are  reproduced  by  transverse  division,  and  in  some  respects  they 
resemble  the  fungi ;  hence  they  are  called  by  Naegeli  "  fission  fungi, 
or  schizomycetes."  They  are  also  somewhat  allied  to  the  lower  algse, 
especially  in  their  ability  to  use  simpler  inorganic  subst^ces  to  build 
up  higher  compounds,  but  differ  from  them  in  not  having  chlorophyll. 
A  few  varieties  of  unicellular  organisms  resemble  bacteria  in  all  their 
known  characteristics,  except  that  they  possess  chlorophyll  or  sub- 
stances similar  to  it  Others,  still,  which  have  no  chlorophyll,  are 
able,  in  the  absence  of  light,  to  build  up  organic  substances  syn- 
thetically. The  motile  bacteria  are  closely  related  to  certain  of  the 
protozoa  (Flagellata)^  some  of  which  also  invade  animal  tissues.^ 

The  bacteria  are,  therefore,  a  great  class  of  microorganisms  which 
have  relation  on  one  or  more  sides  to  other  classes.  There  are  won- 
derful differences  in  the  conditions  of  life  and  nutrition,  which  suit 
the  different  varieties.  We  meet  with  bacterial  life  between  0°  and 
75^  C.  Some  live  only  in  the  tissues  of  men,  others  in  animals,  and 
by  far  the  greater  number  in  dead  organic  matter.  For  some  free 
oxygen  is  necessary  to  life,  for  others  it  is  a  poison. 

Bacteria  may  be  defined  as  extremely  minute  simple  unicellular 
microorganisms,  which  reproduce  themselves  with  exceeding  rapidity, 

*For  the  relationship  to  Protozoa  see  section  II. 
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usually  by  transverse  division,  and  grow  without  the  aid  of  chloro- 
phyll. They  have  great  powers  of  adapting  themselves  to  varied 
conditions.  They  have  no  morphologic  nucleus,  but  contain  nuclear 
material  which  is  generally  diffused  throughout  the  cell  body  in  the 
form  of  larger  or  smaller  granules. 

Those  bacteria  which  depend  entirely  upon  a  living  host  for  their 
existence  are  known  as  strict  parasites;  those  which  can  lead  a  sapro- 
phytic existence,  but  which  usually  thrive  only  within  the  body  of  a 
living  animal,  are  called  facultative  parasites.  The  strict  sapro- 
phytes, which  represent  the  large  majority  of  all  bacteria,  while  they 
destroy  refuse  are  not  only  harmless  to  living  organisms,  but  perform 
many  exceedingly  important  functions  in  nature,  such  as  the  destruc- 
tion of  dead  organic  matter  and  its  preparation  for  plant  food  through 
decomposition,  putrefaction,  and  fermentation.  The  parasites,  on 
the  contrary,  are  harmful  invaders  of  the  body  tissues,  exciting  by 
their  growth  and  products  many  forms  of  inflanamation  and  disease. 

Relationship  of  Bacteria  to  the  Next  Higher  Plants.^— Bacteria 
are  allied  to  moulds  on  one  hand,  and  to  yeasts  on  the  other.  They 
have  no  differentiation  into  root,  stem,  and  leaf.  They  resemble 
fungi,  in  that  no  strictly  sexual  reproduction  is  known  to  occur,  and 
that  their  mode  of  multiplication  is  usually  by  simple  division.  We 
may  show  their  plant  relations  more  clearly  by  a  tabulated  classifi- 
cation as  follows : 

Thallophyta  (lower  plants  with  no  distinction  between  root  and  stem  and  leaf). 


Forms  with  chlorophyll  Forms  without  chlorophyll. 

(alg»,  etc.)*  I 


Multicellular;  spores  in  differentiated  Unicellular;  spores  frequently  absent, 

spores-bearing  organs.   (The  true  spore-bearing  cells  little  or  not 

fungi,  or  moulds.)  at  all  differentiated. 


The  bacteria  The  yeasts 

(schizomycetes).  (blastomycetes). 

The  bacteria  may  be  subdivided  into  lower  and  higher  forms.  The 
lower  forms,  which  are  the  more  numerous,  including  forms  consist- 
ing of  minute  single-celled  slightly  differentiated  masses  of  proto- 
plasm. The  largest  of  these  forms  met  with  in  animals  are  about 
9fi^  long  by  less  than  1/*  thick.  The  smallest  visible  bacteria  are  0.5^ 
long  by  0.2fi  thick,  while  others  are  invisible  with  any  magnification 
which  we  now  possess. 

The  higher  forms  include  those  bacteria  which  show  increased  com- 
plexity of  structure  and  function  (1)  in  forming  irregularly  seg- 
mented filaments  composed  of  elements  similar  to  those  found  in  the 
lower  forms  and  showing  either  true  or  false  branching,  (2)  in  set- 

*  See  section  II. 

'  A  fi,  or  micromillimeter,  is  YshiJS  ^^  ^^  ^^^ 
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ting  apart  certain  portions  of  their  substance  for  the  reproduction  of 
new  individuals. 

The  filaments  seen  sometimes  among  the  lower  forms  have  inde- 
pendent segments,  which  many  easily  separate  and  grow  as  tiny 
uncellular  form,  while  in  the  higher  forms,  the  filaments  in  their 
growth  show  a  certain  interdependence  of  their  parts.  For  example, 
growth  often  occurs  from  only  one  end  of  the  filament  while  the 
other  becomes  attached  to  some  fixed  object 

The  higher  bacteria,  therefore,  show  a  close  relationship  to  the 
fungi  which  have  a  still  more  complicated  development  (Fig.  1). 
On  the  other  hand  in  their  formation  of  gonidia,  or  swarm  spores, 
during  reproduction  (p.  20),  they  often  present  points  of  resem- 
blance to  the  fiagellata  (see  Protozoa). 

Morphology. — Basic  Forms  of  the  Lower  Bacteria. — ^The  basic  forms 
of  the  single  bacterial  cells  are  threefold — the  sphere,  the  rod,  and 

Pig.  1 


Elements  in  higher  bacteria :  1,  branched  filament  carrying  spores ;  2,  cross-section 
of  spore  highly  magnified ;  3  and  4,  spore  building ;  6,  developing  and  bursting  spores ; 
6  and  7,  branching;  8,  sprouting  spores.     (After  Tavel.) 

the  segment  of  a  spiral.  Although  under  different  conditions  the 
type  form  of  any  one  species  may  vary  considerably,  yet  these  three 
main  divisions  under  similar  conditions  are  constant;  and,  so  far 
as  we  know,  it  is  never  possible  by  any  means  to  bring  about  changes 
in  the  organisms  that  will  result  in  the  permanent  conversion  of  the 
morphology  of  the  members  of  one  group  into  that  of  another — that 
is,  micrococci  always,  under  suitable  conditions,  produce  micrococci, 
bacilli  produce  bacilli,  and  spirilla  produce  spirilla. 
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The  form  of  the  bacterial  cells  at  their  stage  of  complete  develop- 
ment must  be  distinguished  from  that  which  they  possess  just  after 
or  just  before  they  have  divided.  As  the  spherical  cell  develops  pre- 
paratory to  its  division  into  two  cells  it  becomes  elongated  and  appears 
as  a  short  oval  rod ;  at  the  moment  of  its  division,  on  the  contrary, 
the  transverse  diameter  of  each  of  its  two  halves  is  greater  than  their 
long  diameter.  A  short  rod  becomes  in  the  same  way,  at  the  moment 
of  its  division,  two  cells,  the  long  diameter  of  each  of  which  may  be 
even  a  trifle  less  than  its  short  diameter,  and  thus  they  appear  on 
superficial  examination  as  spheres. 

As  bacteria  multiply  the  cells  produced  from  the  parent  cell  have 
a  greater  or  less  tendency  to  remain  attached.  This  is  on  account  of 
the  slimy  envelope  which  is  more  or  less  developed  in  all  bacteria. 
In  some  varieties  this  tendency  is  extremely  slight,  in  others  it  is 
marked.  This  union  may  appear  simply  as  an  aggregation  of  sepa- 
rate bacteria  or  so  close  that  the  group  appears  as  a  single  cell. 
According  to  the  method  of  the  cell  division  and  the  tenacity  with 
which  the  cells  hold  together,  there  are  different  groupings  of  bacteria, 
which  aid  us  in  their  differentiation  and  identification.  Thus,  as 
the  bacterial  cell  divides  in  one,  two,  or  three  planes,  one  sees  forms 
built  in  one,  two  or  three  dimensions.  If  we  group  bacteria  accord- 
ing to  the  characteristic  form  of  the  cells,  and  then  sub-divide  them 
according  to  the  manner  of  their  division  in  reproduction  and  the 
tenacity  with  which  the  newly  developed  cells  cling  to  one  another, 
we  will  have  the  following  verieties : 

FiQ.  2 


tit! 


Varieties  of  spherical  forms :  a,  tendency  to  lancet-shape ;  t,  tendency  to  coflfee-bean 
shape ;  o.  in  packets ;  d,  in  tetrads ;  e.  in  chains ;  f .  in  irregular  masses,  x  1000  diame- 
ters.    (After  Flttgge.) 

1.  Spheeical  Foem^  oe  Coccus  (Fig.  2). — The  size  varies  from 
about  0.3/1.  as  minimum  diameter  to  3/i.  as  maximum.  The  single 
elements  are  at  the  moment  of  their  complete  development,  so  far  as 
we  can  determine,  absolutely  spherical ;  but  when  seen  in  the  process 
of  multiplication  through  division  the  form  is  seldom  that  of  a  true 
sphere.  Here  we  have  elongated  or  lancet-shaped  forms,  as  fre- 
quently seen  in  the  diploooccus  of  pneumonia,  or  the  opposite,  as  in 
the  diplococcus  of  gonorrhoea,  where  the  cocci  appear  to  Ix^  flattened 
against  one  another.  Those  cells  which  divide  in  one  direction  only 
and  remain  attached  are  found  in  pairs  (diplococci)  or  in  shorter  or 
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longer  chains  (streptococci).  Those  which  divide  in  two  directions, 
the  one  at  right  angles  to  the  other,  form  bunches  of  four  (tetrads). 
Those  which  divide  in  three  directions  and  cling  together  form  pack- 
ets in  cubes  (sarcinse).  Those  which  divide  in  any  axis  form  irregu- 
larly shaped,  grape-like  bunches  (staphylococci). 


Fig.  3 


Various  forms  of  bacilli :  a,  bacilli  with  sides  parallel  to  their  long  axis  and  with 
ends  perpendicular;  h,  bacilli  with  sides  swollen  or  narrowed,  causing  Irregular  forms. 
X  1000  diameters.     (After  Flligge.) 

There  are  a  considerable  number  of  bacteria  which  at  times  assume 
spherical  forms,  or  at  least  forms  so  like  spheres  that  they  cannot  be 
differentiated  from  them,  and  yet  under  other  conditions  they  gen- 
erate rod-like  forms.  These  apparently  spherical  bacteria  we  can 
properly  regard  as  short  forms  of  bacilli,  which,  owing  to  the  rapidity 
of  division,  are  for  the  time  being  of  the  same  size  in  both  diameters. 
Under  suitable  conditions,  however,  the  true  rod-shape  is  always 
developed. 

2.  Rod  Form,  or  Bacillus. — The  type  of  this  gi'oup  is  the  cylin- 
der.    The  length  of  tlie  fully  developed  cell  is  always  greater  than  its 
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Long  slender  bacilli. 


Small  bacilli,  mostly  in  pairs. 


12 


PATHOGENIC   MICR0-0BGANI8M8, 


breadth.  The  size  of  the  cells  of  different  varieties  varies  enor- 
mously, from  a  length  of  SOfi  and  a  breadth  of  4/Lt  to  a  length  of  0.2^ 
and  a  breadth  of  O.lfi.     The  largest  bacilli  met  with  in  disease  do 
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Large  bacilli  in  chains. 


Spores   in   centre   of  bacilli. 
(From  KoUe  and 

Wasserman.) 


not,  however,  usually  develop  over  3ft  X  If.  Bacilli  are  roughly 
classed,  according  to  their  form,  as  slender  when  the  ratio  of  the  long 
to  the  transverse  diameter  is  from  1 :  4  to  1 :  10,  and  as  thick  when  the 
proportions  of  the  long  to  the  short  diameter  is  approximately  1 :  2. 
The  characteristic  form  of  the  bacillus  has  a  straight  axis,  with 
uniform  thickness  throughout,  and  flat  ends  (Fig.  3  a,  and  Fig.  6)  ; 
but  there  are  many  exceptions  to  this  typical  form.  Thus  frequently 
the  motile  bacteria  have  rounded  ends  (Fig.  3)  ;  many  of  the  more 
slender  forms  have  the  long  axis,  slightly  bent;  some  few  species,  as 
for  example  the  diphtheria  bacilli  (Fig.  4),  invariably  produce  many 
cells  whose  thickness  is  very  unequal  at  different  portions.  Spore 
formation  also  causes  an  irregularity  of  the  cell  outline  (Figs.  7,  17 
and  18), 


FiQ.  8 


FiQ.  9 


Medium-sized  spirilla. 


Very  large  spirilla. 


The  bacilli  except  when  they  develop  from  spores  or  granules 
divide  only  in  the  plane  perpendicular  to  their  long  axis.  A  classi- 
fication, therefore,  of  bacilli  according  to  their  manner  of  grouping 
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18  much  simpler  than  in  the  case  of  the  cocci.  We  may  thus  have 
bacilli  as  isolated  cells,  as  pairs,  diplobacilli,  or  as  longer  or  shorter 
chains,  streptobacilli. 

3.  Spiral  Form^  or  Spirillum. — The  members  of  the  third  mor- 
phological group  are  spiral  in  shape,  or  other  segments  of  a  spiral. 
ITere,  too,  we  have  large  and  small,  slender  and  thick  spirals.  The 
twisting  of  the  long  axis,  which  here  lies  in  two  planes,  is  the  chief 
characteristic  of  this  group  of  bacteria.  Under  normal  conditions 
the  twisting  is  uniform  throughout  the  entire  length  of  the  cell.  The 
spirilla,  like  the  bacilli,  divide  only  in  one  direction.  A  single  cell, 
a  pair,  or  the  union  of  two  or  more  elements  may  thus  present  the 

Pio.  10  Pio.  11 


appearance  of  a  short  segment  of  a  spiral  or  a  comma-shaped  form, 
an  S-shaped  form,  or  a  complete  spiral  or  corkscrew-like  form  (Figs. 
8,  9,  10  and  11). 

The  determination  of  morphologic  characters  for  the  description 
of  bacteria  should  always  be  made  from  fully  developed  cultures; 
those  which  are  too  young  may  present,  as  already  noted,  immature 
forms,  due  to  rapid  multiplication,  while  in  old  cultures  altered  or 
degenerated  forms  may  be  observed. 

When  grown  upon  different  media,  variations,  especially  in  size, 
may  sometimes  be  observed.  These  differences  should  always  be 
described,  together  with  a  note  of  the  media  upon  which  they  were 
developed  and  a  statement  as  to  whether  such  variation  is  a  marked 
feature  of  the  species  under  consideration. 

The  conditions  of  temperature  and  of  nutrition  which  favor  growth 
are  very  various  for  different  species,  so  that  no  fixed  temperature, 
medium,  or  age  of  growth  can  be  regarded  as  applicable  to  all  species. 
Morphologic  descriptions  should  always  be  accompanied  by  a  defi- 
nite statement  of  the  age  .of  the  growth,  the  medium  from  which  it 
was  obtained,  and  the  temperature  at  which  it  was  developed. 

Structure  of  Bacterial  Cells. — ^When  examined  in  water  under  the 
microscope  bacteria  appear  merely  as  colorless  refractile  bodies  with 
or  without  spores  or  more  highly  refractive  areas.     It  is  only  by  llie 
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use  of  special  stains  that  we  are  able  to  see  more  of  their  structure 
(Figs.  12  and  13).  They  are  then  found  to  have  a  more  or  less 
indefinite  cell  membrane  surrounding  the  central  protoplasm.  This 
latter,  according  to  Zettnow  and  others,  contains  a  nucleus,  or  at 


FlQ.  12 


ve 


structure    of    bacterial  piagmolysla :  o,  spirillum  undula ;  b,  bacillus  solmsll ; 

^toplasm    Sr    ^U    iem:  »-  ''brio  cholere.     (After  A.  Fischer.) 

brane ;  c,  central,  less  in- 
tensely staining  parts ; 
d,  chromatin  granules. 
(After  BUtschli.) 

least  the  equivalent  of  the  nucleus  of  the  higher  microorganisms, 
lying  within  a  network  of  protoplasm.  The  nuclear  substance  takes 
the  chromatin  stains  and  is  often  so  abundant  and  so  densely  stained 
that  the  material  holding  it  is  masked.  Schaudinn  (Fig.  13)  has 
shown  a  primitive  conjugation  (autogamy)  and  the  relationship 
between  the  chromatin  granules,  or  nuclear  substance,  and  the 
spores  in  certain  bacteria.     The  plasma  substance  is  divided  into 


Fig.  13 


n 


Bacillus  BUtschli:  a  to  c,  incomplete  diyision  of  the  cell ;  d  to  f,  gradual  collection 
of  chromatin  granules  at  ends  of  cells :  g  to  i,  formation  of  end  spores  from  these 
chromatin  end  masses.      (After  Schaudinn.) 

the  entoplasma  and  the  ectoplasma.  The  first  is  more  or  less  in- 
timately connected  with  the  nuclear  substance,  and  is  especially 
collected  at  the  ends  of  the  long  bacteria.  This  stains  blue  by 
the  Romanowski  method.     The  ectoplasma,  or  cell  membrane,  is  a 
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much  more  concentrated  substance  than  the  entoplasma,  and  remains 
unstained  ordinarily,  but  by  special  stains  appears  as  an  external 
shell  with  or  without  flagella.  The  membrane  surrounding  some 
bacteria  is  very  slightly  developed ;  in  others,  as  in  tubercle  bacilli, 
it  is  well  developed.  The  envelope  is  never  composed  of  cellulose  as 
in  the  higher  plant  cells,  and  by  means  of  its  chemical  composition  it 
is  differentiated  from  the  inner  plasma,  as  shown  in  plasmolysis. 
Thus,  when  ba'cteria  are  placed  in  1  per  cent,  chloride  of  sodium  the 
central  body  contracts  and  is  separated  in  places  from  the  capsule, 
as  shown  in  Fig.  12,  a,  h,  c. 

The  Capsule. — The  capsule  consists  of  an  inner  tougher  portion 
immediately  surrounding  the  central  body,  which  gradually  passes 
into  a  thinner  and  more  watery  outer  portion  which  is  uncolored  by 
ordinary  staining  methods. 

This  is  indicated  by  the  greater  apparent  diameter  of  bacteria 
when  stained  with  certain  dyes  as  compared  with  their  usual  appear- 
ance.    Certain   bacteria,   however,    com- 
monly   known    as    capsule    hacteria,    as  ^^°*  ^* 
shown  in  Fig.  14,  have  the  outer  layers 
of  the  membrane  so  much  thickened  that 
the  bacteria  seem  to  be  surrounded  by 
a  broad  gelatinous  envelope  or  capsule, 
which  is  distinguished  by  a  diminished 
power    of    staining    with    the    ordinary 
aniline  dyes.     The  form  of  the  capsule 
varies  with   different  species    (Fig.    14, 
capsules    unstained;    Fig.    52,   stained). 
The    demonstration    of    this    capsule    is 
often  of  help  in  differentiating  between 

^    .       1       .*    .  *^«  -        Pneumococcl    with    unstained 

certain    bacteria — e.   g,,   some   forms  of  capsules. 

the  streptococcus  and  pneumococcus.     A 

peculiarity  of  the  capsule  bacteria  is  that,  except  very  rarely,  they 
exhibit  this  envelope  only  when  grown  in  the  animal  body  or  in 
special  albuminous  culture  media,  such  as  milk,  blood  serum,  bron- 
chial mucus,  etc. ;  grown  on  nutrient  gelatin  agar  or  potato  the 
ca]>sule  is  only  visible  under  very  exceptional  conditions,  and 
then  not  distinctly. 

Organs  of  Motility.^ — The  outer  surface  of  bacteria,  when  occurring 
in  the  form  of  spheres,  is  almost  always  smooth  and  devoid  of  ap- 
pendages ;  but  the  rods  and  spirals  are  frequently  provided  with  fine, 
hair-like  appendages,  or  flagella,  which  are  their  organs  of  motility 
(Figs.  15  and  16).  These  flagella,  either  singly  or  in  numbers,  are 
sometimes  distributed  over  the  entire  body  of  the  cell,  or  they  may 
form  a  tuft  at  one  or  both  ends  of  the  rod,  or  only  one  polar  flagelliim 
is  found.  The  polar  flagella  appear  on  the  bacteria  shortly  l^efore 
division.  The  flagella  are  believed  to  be  formed  from  the  ectoplasma, 
and  probably  have  the  property  of  protrusion  and  retraction.  So  far 
as  we  know,  the  flagella  are  the  only  means  of  locomotion  possessed 
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by  the  bacteria.  They  are  not  readily  stained,  special  staining  agents 
being  required  for  this  purpose.  The  envelope  of  the  bacteria,  which 
usually  remains  unstained  with  the  ordinary  dyes,  then  becomes  col- 
ored and  more  distinctly  visible  than  is  commonly  the  case.  Occa- 
sionally, however,  some  portion  of  the  envelope  remains  unstained, 
when  the  flagella  present  the  appearance  of  being  detached  from  the 
body  of  the  bacteria  by  a  narrow  zone.  In  stained  cultures  of  richly 
flagellated  bacteria  peculiar  pleated  masses  sometimes  are  observed, 
consisting  of  flagella  which  have  been  detached  and  then  matted 
together.  Bacteria  may  lose  their  power  of  producing  flagella  for 
a  series  of  generations.  Whether  their  power  be  permanently  lost  or 
not  we  do  not  know. 

Fig.  16 


Bacilli  showing  one  polar  flagellum.  Bacilli  showing  multiple  flagella. 

Beprodnction  Among  the  Lower  Bacteria. — When  a  bacterial  cell  is 
placed  in  favorable  surroundings  for  development  it  multiplies,  as 
a  rule,  by  simple  division.  When  such  development  is  in  progress  a 
single  cell  will  be  seen  to  elongate,  in  the  case  of  spherical  bacteria 
only  slightly,  and  in  the  rod-shaped  organisms  considerably,  in  one 
direction.  Over  the  centre  of  the  long  axis  tlius  formed  will  appear 
a  slight  indentation  in  the  outer  envelope  of  the  cell ;  this  indentation 
increases  in  extent  until  there  exist  eventually  two  individuals.  As 
a  rule,  the  cells  separate  from  one  another  soon  after  division,  but 
occasionally  they  remain  together  for  a  time,  forming  pairs  and 
chains.  Under  certain  conditions  of  nutrition  long  threads  or  fila- 
ments are  formed,  which,  however,  when  put  in  contact  with  new 
food,  break  up  into  fragments.  At  times,  when  the  culture  media 
are  exhausted  or  nearly  so,  the  bacilli  and  spirilla  will  be  found  to 
go  on  dividing,  with  little  or  no  increase  in  length,  and  thus  coccus- 
like forms  result;  but  when  these  are  given  fresh  food  under  suitable 
conditions  they  elongate  and  reproduce  the  usual  shaped  organisms. 
According  to  recent  investigations  on  the  subject  of  cell  reproduction, 
the  division  of  the  cell  starts  from  the  protoplasmic  layer,  the  central 
space  being  passively  destroyed,  and  the  outer  envelope  is  only  sec- 
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ondarily  concerned  in  the  process.  This  would  indicate  that  the  cen- 
tral space  is  not  a  true  nucleus,  otherwise  the  division  of  the  nucleus 
should  precede  the  cell  division.  The  complete  process  of  cell  repro- 
duction in  most  varieties  occupies,  under  favorable  conditions,  about 
twenty  to  thirty  minutes. 

Among  the  group  of  bacteria  to  which  the  B.  diphthericB  belong,  cell 
division  according  to  our  observations  on  the  living  cell  takes  place  at  a  point 
occupied  by  a  metachromatic  granule.  Before  division  of  the  cell  body  the 
metachromatic  granule  which  appears  to  contain  nuclear  substance  elongates 
and  shows  a  line  of  division.  Along  this  line  the  cell  body  suddenly  divides 
with  a  snap,  like  the  opening  of  a  jack  knife,  and  the  two  new  cells  remain 
for  a  variable  time  attached  at  one  point,  thus  giving  the  V-shaped  forms. 
Kurth  and  Hill  also  called  attention  to  division  by  snapping  in  members  of 
the  diphtheria  bacillus  group,  though  neither  recognized  the  relation  between 
the  position  of  the  metachromatic  granules  and  the  point  of  division. 

Although  elongation  in  the  greater  diameter  and  transverse  di- 
vision is  the  rule  for  the  majority  of  bacteria,  there  are  certain 
groups,  as  the  sarcinie,  for  example,  which  divide  more  or  less  regu- 
larly in  three  directions.  Instead  of  becoming  separated  from  each 
other  as  single  cells,  the  tendency  then  is  for  the  segmentation  to  be 
incomplete,  the  cells  remaining  together  in  masses.  The  indentations 
upon  these  masses  or  cubes,  which  indicate  the  point  of  incomplete 
fission,  give  to  these  bundles  of  cells  the  appearance  commonly 
ascribed  to  them — that  of  a  bale  of  rags.  As  already  said,  division 
in  two  opposite  directions  results  in  the  formation  of  a  group  of 
forms  as  tetrads.  Division  irregularly  in  all  directions  results  in 
the  production  of  clusters.  The  rod-shaped  bacteria  never  divide 
longitudinally. 

Spore  formation  must  be  distinguished  from  vegetative  reproduc- 
tion. This  is  the  process  by  which  the  organisms  are  enabled  to 
enter  a  stage  in  which  they  resist  deleterious  influences  to  a  much 
higher  degree  than  is  possible  for  them  in  the  growing  or  vegetative 
condition.  It  is  true  that  in  all  cultures  a  certain  proportion  of  the 
bacteria  are  more  resistant  than  the  average.  No  marked  differ- 
ence in  protoplasm,  however,  has  been  noted  in  them-  other  than 
the  ability  to  stain  more  intensely  and  sometimes  to  show  strong 
metachromatic  properties.  They  are  probably  the  youngest  and 
most  hardy  or  perhaps  involution  forms.  The  difference  between 
these  and  the  less  resistant  forms  is  not  great  Some  have  be- 
lieved that  this  resistance  was  due  to  certain  bodies  called  arthro- 
spores,  which  are  abnormally  large  cells  with,  usually,  a  thickened 
cell  wall,  formed  as  a  rule  in  old  cultures,  particularly  of  Strep- 
tococci. Recent  researches  into  the  formation  of  arthrospores  have 
resulted  in  questioning  their  existence.  There  is,  therefore,  in  the 
lower  bacteria,  only  one  kind  of  spores  requiring  special  notice — ^viz., 
endospores.  These  are  strongly  refractile  and  glistening  in  appear- 
ance, oval  or  round  in  shape,  and  composed  of  concentrated  proto- 
plasm developed  within  the  cell  (Figs.  17  and  18).  They  are  charac- 
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terized  by  their  power  of  resisting  the  injurious  influences  of  heat, 
desiccation,  and  chemical  disinfectants. 

The  production  of  endospores  in  the  different  species  of  bacteria, 
though  not  identical,  in  every  instance,  is  very  similar.  To  observe 
the  formation  of  spores  in  any  species  it  is  best  to  employ  a  streak 
culture  on  nutrient  agar  or  potato,  which  should  be  kept  at  the  tem- 
perature nearest  the  optimum  of  the  organism  to  be  examined.  At 
the  end  of  twelve,  eighteen,  twenty-four,  thirty,  thirty-six  hours,  etc., 
specimens  of  the  culture  are  observed  first  unstained  in  a  hanging 
drop  or  agar  block,  and  then,  if  round  or  oval,  highly  ref  ractile  bodies 
are  seen,  stained  for  spores.  Each  bacillus,  as  a  rule,  produces  but 
one  spore,  and  more  than  two  have  never  been  observed. 


Fia.  17 


Fia.  18 


Unstained  spores  in  slightly  dis- 
tended bacilli.  (The  spores  are  the 
light  oval  spaces  in  the  heavily 
stained  bacilli.) 


Unstained  spores  in  distended  ends 
of  bacilli. 


According  to  Fischer  motile  bacteria  always  come  to  a  state  of  rest 
or  immobility  previous  to  spore  formation.  Several  species  first 
become  elongated.  The  anthrax  bacillus  does  this,  and  a  description 
of  the  method  of  its  production  of  spores  may  serve  as  an  illustration 
of  the  process.  In  the  beginning  the  protoplasm  of  the  elongated 
filaments  is  homogeneous,  but  after  a  time  it  becomes  turbid  and 
finely  granular.  These  fine  granules  are  then  replaced  by  a  smaller 
number  of  coarser  granules,  which  by  coalescence  finally  amalgamate 
into  a  spherical  or  oval  refractile  body.  This  is  the  spore.  As  soon 
as  the  process  is  completed  there  appears  between  each  two  spores  a 
delicate  partition  wall.  For  a  time  the  spores  are  retained  in  a 
linear  position  by  the  cell  membranes  of  the  bacilli,  but  these  are 
later  dissolved  or  broken  up  and  the  spores  are  set  free.  Not  all  the 
cells  that  make  the  effort  to  form  spores,  as  shown  by  the  spherical 
bodies  contained  in  them,  bring  these  to  maturity;  indeed,  many 
varieties,  under  certain  cultural  conditions,  lose  their  property  of 
forming  spores.     The  following  are  the  most  important  spore  types: 

(a)  the  spore  lying  in  the  interior  of  single,  short,  undistended  cells; 

(b)  the  spores  lying  in 'the  interior  of  a  chain  of  undistended  cells 
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(Fig.  7)  ;  (c)  the  spore  lying  at  the  extremity  of  a  cell  much  enlarged 
at  tibat  end — ^the  so-called  "  head  spore  "  or  plectridium,  e.  g.,  the 
tetanus  bacillus  (Fig.  18)  ;  and  (d)  the  spore  lying  in  the  interior 
of  a  oell  very  much  enlarged  in  its  central  portion,  giving  it  a  spindle 
shape  or  Clostridium,  Bacillus  hutyricus. 

Fig.  19 


Showing  methodB  of  spore  germination :  A,  polar  germination  of  B.  tuiyricus  (after 
prazmowski)  ;  B^  equatorial  germination  of  B,  subtUia  (after  Prasmowaki)  ;  O-D,  equa- 
torial germination  of  B.  tumeBcens  and  of  Bad.  oarotorum  (after  A.  Koch)  ;  E-F,  polar 
germination  of  Bact.  sessile  (after  L.  Klein)  ;  H,  germination  by  absorption  of  B. 
anthracis  (after  De  Bary)  ;  G,  endogerminatlon  in  spirillum  endoparagogioum  (after 
Sorokdn)-;  I-K,  spore  formation  in  Bact,  centhrads   (after  Migula). 

The  germination  of  spores  (Fig.  19)  takes  place  as  follows :  By  the 
absorption  of  water  they  be(5ome  swollen  and  pale  in  color,  losing 
their  shining,  refractile  appearance.  Later,  a  little  protuberance  is 
seen  upon  one  side  (equatorial  germination)  or  at  one  extremity  of 
the  spore  (polar  germination)  and  this  rapidly  grows  out  to  form  a 

rod  which  consists  of  soft-growing  pro- 
^i«»-  20  toplasm  enveloped  in  a  membrane,  which 

is  formed  of  the  endosporium  or  inner 
layer  of  the  cellular  envelope  of  the 
spore.  The  outer  envelope,  or  exospo- 
rium,  is  cast  off  and  may  be  seen  in  the 
vicinity  of  the  newly  formed  rod. 

Involntion  Forms. — In  old  cultures  of 
bacteria,  in  old  absceses,  and  in  other 
places  where  the  deleterious  substances 
have  developed  and  the  foodstuffs  have 
been  largely  used,  the  rapidity  of  di- 
vision of  the  bacteria  is  lessened  and 
,  ,.     ,        ^       ^    ....         there  are  frequently  found  very  irreffu- 

InYolutlon  forms  from  bacilli.  ,  -i*   .      ,    i    f  i        .      .^         i^ 

(Prom  Fitigge.)  lar  or  distorted  forms,  due  to  the  abnor- 

mal development  and  division  of  the 
bacterial  cells  under  the  unfavorable  conditions  present  These  are 
spoken  of  as  involution  or  degenerated  forms.  If  these  deformed 
cells  are  placed  under  suitable  conditions  they  may  produce  again 
normally  fashioned  organisms.     Cocci  may  produce  irregular  rods 
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and  bacilli  threads.  In  old  abscesses  the  involution  forms  may  look 
entirely  different  from  the  well-developed  cells. 

Metachromfttic  Granules. — These  appear  in  unstained  bacteria  as 
light-refracting,  in  stained  preparations  as  deeply  stained,  granules. 
They  have  a  great  affinity  for  dyes,  and  so  stain  readily  and  give  up 
the  stain  with  some  difficulty.  With  complex  stains  they  show  a 
greater  affinity  than  the  rest  of  the  bacillus  for  certain  constituents 
of  the  stain — e.  g.,  with  polychromic  methylene  blue  they  take  up 
more  of  the  azur,  other  appearing  red  and  indicating  at  the  same 
time  their  nuclear  nature.  In  certain  bacteria,  such  as  the  dipJb- 
theria  bacilli,  they  are  especially  well  marked.  Here  they  have  diag- 
nostic value.  Besides  the  metachromatic  granules  there  are  certain 
granules  which  take  up  stains  with  difficulty. 

Beprodnction  Among  the  Higher  Bacteria. — These  forms  increase  in 
length  for  a  time  and  then,  at  the  free  ends,  they  produce  small  cells, 
called  gonidia  or  swarm  spores,  which  are  often  flagellated  after 
their  separation  from  the  parent  filament,  and  from  which  the  new 
individuals  are  formed. 

The  flagellated  forms  frequently  resemble  certain  flagellata  among 
the  protozoa. 


CHAPTER   III. 

THE  CLASSIFICATION  OF  BACTERIA— PERMANENCE  OF  SPECIES 
—CHEMICAL  COMPOSITION  AND  NUTRITION. 

Oenera  and  Species. — ^Bacteria  have  been  classified  in  many  dif- 
ferent ways  by  different  observers.  As  a  rule  the  genera  are  based 
upon  morphologic  characters  and  the  species  upon  biochemic^  phys- 
iologic, or  pathogenic  properties.  While  the  form,  size  and  method 
of  division  are  the  most  permanent  characteristics  of  bacteria, 
and  so  are  naturally  utilized  for  classification,  nevertheless,  in  this 
basis  of  division  there  are  decided  difficulties.  Thus,  while  the  form 
and  size  of  bacteria  are  fairly  constant  under  the  same  conditions,  we 
have  already  noticed  that  they  may  be  quite  different  under  diverse 
conditions.  Another  serious  drawback  for  our  purposes  is  that  these 
morphologic  characteristics  give  no  indication  whatever  of  the  rela- 
tions of  the  bacteria  to  disease  and  fermentation — the  very  character- 
istics for  which  as  physicians  we  study  them.  Other  properties  of 
bacteria  which  are  fairly  constant  under  uniform  conditions  are  those 
of  spore  and  capsule  formation,  motility,  reaction  to  staining  reagents, 
relation  to  temperature,  to  oxygen,  and  other  food  material,  and, 
finally,  their  relation  to  fermentation  and  disease. 

Taking  any  one  of  these  properties  of  bacteria  as  a  basis,  we  can 
classify  them ;  but  even  here  there  will  be  groups  which  under  certain 
conditions  would  be  placed  in  one  class  and  under  others  in  another. 

Thus,  the  power  to  produce  spores  may  be  totally  lost  or  held  in 
abeyance  for  a  time. 

The  relations  to  oxygen  may  be  gradually  altered,  so  that  an 
anaerobic  species  grows  in  the  presence  of  oxygen.  Parasitic  bac- 
teria may  be  so  cultivated  as  to  become  saprophytic  varieties,  and 
those  whidi  have  no  power  to  grow  in  the  living  body  may  acquire 
pathogenic  properties. 

The  possibility  of  making  any  thoroughly  satisfactory  classification 
is  rendered  still  more  difficult  by  the  fact  that  many  necessarily  im- 
perfect attempts  have  already  been  made,  so  that  there  is  a  great  deal 
of  confusion,  which  is  steadily  increased  as  new  varieties  'are  found 
or  old  ones  reinvestigated  and  classified  differently  in  the  different 
systems. 

As  one  of  the  more  successful  attempts  to  classify  bacteria,  the 
system  devised  by  Migula  is  here  given,  simply  as  an  example.  The 
morphology  of  bacteria  is  used  as  the  basis  of  the  division : 

FAMILY. 

I.  Cellfl  globose  in  a  free  state,  Bot  elongating  in 
any  direction  before  division  into  1,  2,  or 

3    planes 1.  Coccaceae. 
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FAMILIES. 

II.  Cells  cylindrical,  longer  or  shorter,  and  only 
dividing  in  one  plane,  and  elongating  to 
about  twice  the  normal  length  l^fore  the 
division. 

a.  Cells  straight,  rod-shaped,  without  sheath,  non- 

motile,  or  motile  by  means  of  flagella 2.  Bacteriace». 

b.  Cells  crooked,  without  sheath 3.  Spirillacese. 

c.  Cells  enclosed  in  a  sheath 4.  Chlamydobacteriacead. 

GENERA. 

1.  CoccacecB 

Cells  without  organs  of  motion. 

a.  Division  in  one  plane 1.  Streptococcus. 

h.  Division  in  two  planes 2.  Micrococcus. 

c.  Division  in  three  planes 3.  Sarcina. 

Cells  with  organs  of  motion. 

a.  Division  in  two  planes 4.  Planococcus. 

b.  Division  in  three  planes 5.  Planosarcina. 

2.  Bacteriace<B, 

Cells  without  organs  of  motion 1.  Bacterium. 

Cells  with  organs  of  motion  (flagella). 

a,  Flagella  distributed  over  the  whole  body 2.  Bacillus. 

h.  Flagella  polar  3.  Pseudomonas. 

3.  SpirillacecB. 

Cells  rigid,  not  snake-like  or  flexuous. 

a.  Cells  without  organs  of  motion 1.  Spirosoma. 

b.  Cells  with  organs  of  motion  (flagella). 

1.  Cells  with   1,  very   rarely  2   to   3  polar 

flagella  2.  Microspira. 

2.  Cells  with  polar  flagella-tufts 3.  Spirillum. 

Cells  flexuous  4.  Spirochseta. 

4.  ChlamydobacteruicecB   (higher  bacteria). 

Cell  contents  without  granules  of  sulphur. 

a.  Cell  threads  unbranched. 

I.  Cell  division  always  only  in  one  plane 1.  Streptothrix. 

II.  Cell   division   in   three   planes  previous   to  the 

formation  of  gonidia. 

1.  Cells  surrounded  by  a  very  delicate,  scarcely 

visible  sheath  (marine) 2.  Phragmidiothrix. 

2.  Sheath  clearly  visible  (in  fresh  water) 3.  Crenothrix. 

&.  Cell  threads  branched 4.  Cladothrix. 

Cell  contents  containing  sulphur  granules 5.  Thiothrix. 

The  above  table  makes  changes  in  the  designation  of  some  of  the 
most  common  bacteria,  as  in  the  restoration  of  the  old  title  bacterium 
and  the  assigning  to  it  of  all  non-motile,  rod-shaped  organisms,  thus 
altering  the  name  of  some  of  the  most  common  pathogenic  bacteria 
from  bacillus  to  bacterium.  Other  changes  are  seen  in  the  spirilla. 
Any  such  scheme  is  at  times  arbitrary  in  placing  some  varieties  under 
one  generic  division  and  others  closely  allied  in  another.  It  has  also 
the  objection,  already  noted,  that  it  is  only  one  of  several  classifica- 
tions already  in  use,  and  imtil  an  authoritative  body  agrees  on  some 
one  it  seems  unwise  in  such  a  volume  as  this  to  change  the  usually 
employed  names  for  others  which  are,  perhaps,  intrinsically  better. 
Another  important  reason  for  waiting  is  that  with  the  increase  of 
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our  knowledge  we  are  constantly  changing  the  position  of  different 
bacteria.  Thus,  such  a  well-known  germ  as  the  tubercle  bacillus  is 
now  found  to  produce,  under  certain  conditions,  long,  thread-like 
branching  forms;  so  that  it  ceases  to  be  under  the  classification  of 
Migula,  either  a  bacillus  or  bacterium.  We  will,  therefore,  simply 
use  in  this  book  the  older,  less  scientific  nomenclature,  of  classing 
all  rod  forms  as  bacilli  and  all  spiral  forms  as  spirilla,  and  consider 
together,  in  so  far  as  is  practicable,  certain  groups  of  bacteria  whose 
members  are  closely  allied  to  each  other  in  some  one  or  more  impor- 
tant directions. 

Permanence  of  Bacterial  Species. — ^When  we  come  to  study  special 
varieties  or  groups  of  bacteria,  such  as  the  bacilli  which  produce 
typhoid  fever,  diphtheria,  and  tuberculosis,  it*  is  of  great  importance 
for  us  to  determine,  if  possible,  to  what  extent  the  peculiar  character- 
istics which  each  of  these  groups  of  bacteria  possess  are  permanent  in 
the  generations  which  develop  from  them. 

We  cannot  believe  that  the  multitude  of  bacterial  varieties  which 
now  exist  have  always  existed.  The  probability  is  very  strong  that 
with  succeeding  generations  and  changing  conditions  new  bacterial 
varieties  have  developed  with  new  characteristics. 

From  time  to  time  the  changing  conditions  under  which  life  pro- 
gressed probably  exposed  certain  animals  to  the  invasion  of  varieties 
which  never  before  had  gained  access  to  them.  If  the  bacteria  found 
some  means  of  transmission  to  other  animals  equally  susceptible,  a 
parasitic  species  became  established  which  at  first,  perhaps,  found 
conditions  only  occasionally  favorable  to  it.  Thus  in  some  such  way 
a  multitude  of  bacterial  groups  arose,  some  of  which  accustomed 
themselves  to  the  conditions  present  in  living  plants,  others  to  those 
in  fishes,  others  to  those  in  birds,  and  others  still  to  those  in  man  and 
the  higher  animals. 

These  are,  however,  theories.  What  has  been  actually  observed  in 
the  few  years  during  which  bacteria  have  been  studied?  In  this 
short  time  the  pathogenic  species  as  observed  in  disease  have  re- 
mained practically  unaltered.  The  diphtheria  bacilli  are  the  same 
to-day  as  when  Loeffler  discovered  them  in  1884,  and  the  disease  itself 
is  evidently  the  same  as  history  shows  it  to  have  been  before  the  time 
of  Christ.  The  same  permanence  of  disease  type  is  true  for  tuber- 
culosis, smallpox,  hydrophobia,  leprosy,  etc.  Under  practically 
unchanged  conditions,  therefore,  as  exist  in  the  bodies  of  men,  bac- 
teria which  have  once  become  established  as  parasites  continue  to 
reproduce  new  generations  which  retain  their  peculiar  (specific) 
characteristics.  It  is  true  that  among  the  countless  organisms 
developed  some  fail  to  hold  the  parasitic  characteristics.  These 
either  continue  as  saprophytes  or  cease  to  exist.  Whether  new  dis- 
ease varieties,  such  as  the  influenza  bacillus,  are  coming  into  exis- 
tence from  time  to  time,  is,  of  course,  a  possibility,  but  not  a  cer- 
tainty. The  one  thing  we  can  probably  safely  assert  is  that  it  is 
very  imlikely  that  any  saprophytic  variety  now  existing  can  de- 
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velop  into  the  now  recognized  varieties  of  pathogenic  bacteria.  It 
is  difficult  to  conceive  that  any  such  variety  should  develop  parasitic 
tendencies,  under  exactly  the  same  circumstances  as  those  varieties 
which  now  produce  disease. 

The  fact  that  the  chief  pathogenic  varieties  of  bacteria,  which 
excite  disease  in  xaan,  seem  to  have  retained  for  centuries  their 
characteristics,  in  no  way  proves  that  when  placed  under  different 
conditions  they  would  remain  stable.  As  already  stated  the  charac- 
teristics of  bacteria  can  be  radically  altered,  but  they  then  lose  those 
special  traits  which  enable  them  to  excite  disease,  and  so  cease  to 
exist  as  parasites,  and  if  they  have  lost  the  capacity  to  live  as  sapro- 
phytes they  cease  to  exist  altogether. 

Attenuation. — As  just  stated,  it  is  established  that  the  ^eat 
majority  of  parasitic  bacteria  can  be  so  altered  by  being  grown  out- 
side the  body,  and  especially  by  being  subjected  to  unfavorable  con- 
ditions, that  they,  while  morphologically  the  same,  lose  their  power 
of  developing  in  the  body  and  of  producing  specific  poisons.  Growth 
upon  the  mucous  membranes  for  long  periods  of  time  without  the 
occurrence  of  disease  leads  to  attenuation  as  seen  in  the  streptococci 
and  pneumococci  of  the  throat  or  the  colon  bacilli  of  the  intestines. 
When  either  or  both  of  these  properties  are  partially  destroyed  they 
can  usually  be  redeveloped;  but  when  absolutely  lost  they  probably 
cannot  be  recovered. 

Recovery  of  Pathogenic  Properties. — The  recovery  of  toxin  pro- 
duction is  often  brought  about  by  developing  the  microorganism  for 
a  considerable  length  of  time  under  the  conditions  best  suited  for  it. 
The  recovery  of  the  ability  to  grow  in  the  body  of  any  animal  species 
is  brought  about  by  causing  the  germ  to  develop  in  a  series  of  ani- 
mals of  the  same  species  whose  resistance  has  been  overcome  by 
reducing  their  vitality  through  poisons,  heat,  cold,  etc.,  or  by  giving 
enormous  doses  of  bacteria  to  produce  the  first  infection.  Another 
method  is  to  accustom  the  microorganism  to  the  animal's  body  by 
letting  it  remain  surrounded  by  the  animal  fluids  but  protected  from 
phagocytes  in  a  pervious  capsule  in  the  peritoneal  cavity,  or  by  grow- 
ing it  in  unheated  fresh  serum  or  blood  media. 

Chemical  Gomposition  of  Bacteria. — Qualitatively  considered,  the 
bodies  of  bacteria  consist  largely  of  water,  salts,  fats,  and  albu- 
minous substances.  There  are  also  present,  in  smaller  quantities, 
extractive  substances  soluble  in  alcohol  and  in  ether.  Special  varie- 
ties contain  unusual  substances,  as  wax  and  cellulose  in  tubercle 
bacilli.  Bacteria  possess  the  capacity  in  a  high  degree  of  accommo- 
dating their  chemical  composition  to  the  variety  of  soil  in  which  they 
are  growing.  The  same  variety  of  bacteria  thus  varies  greatly  in 
the  quantitative  estimation  of  its  chemical  constituents.  Each  vari- 
ety yields  proteid  substances  peculiar  to  itself,  as  shown  in  the  effects 
produced  by  animal  inoculation.  At  present  we  know  but  little  con- 
cerning the  differentiation  of  these  specific  substances.  This  sub- 
ject will  be  taken  up  in  detail  under  bacterial  toxins,  etc.     According 
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to  Cramer  many  bacteria  contain  amyloid  substances  which  give  a 
blue  reaction  with  iodine.  True  cellulose  has  been  found  in  some 
bacteria,  and  also  large  quantities  of  a  gelatinous  carbohydrate  sim- 
ilar to  hemicellulose  hfive  been  obtained.  Nuclein  is  found  fre- 
quently. The  nuclein  bases — ^xanthin,  guanin,  and  adenin — ^have 
been  obtained  in  considerable  amounts.  There  is  a  group  of  bac- 
teria whidi  contain  sulphur — viz.,  the  Beggiatoa — and  another 
group,  the  Cladothrix,  is  capable  of  separating  ferric  oxide  from 
water  containing  iron. 

Some  light  has  been  thrown  upon  the  chemical  composition  of 
bacteria,  quantitatively,  by  the  studies  of  Cramer,  though  so  far 
only  a  few  species  hive  been  thoroughly  investigated.  The  per- 
centage of  water  contained  in  bacteria  grown  on  solid  culture  media, 
as  well  as  the  amount  of  ash,  depends  largely  on  the  composition  of 
the  media.  Thus  Bacillus  prodigiosus  when  grown  on  potato  con- 
tains 21.5  per  cent,  of  dry  residue  and  2.7  per  cent,  of  ash;  when 
cultivated  on  turnips  it  contains  12.6  per  cent,  of  dry  residue  and 
1.3  per  cent  of  ash.  Besides  the  concentration  of  the  culture,  its 
temperature  and  age  also  influence  the  amount  of  residue  and  ash 
produced.  The  residue  varies,  moreover,  in  its  composition  in  the 
same  species  under  the  influence  of  the  culture  media  employed. 

It  appears  that  an  additional  quantity  of  peptone  in  lie  culture 
media  tends  to  increase  the  percentage  of  nitrogenous  matter  in  the 
bacillus,  while  the  addition  of  glucose  decreases  it 

Chemical  Substances  Necessary  for  the  Nutrition  of  Bacteria 

The  majority  of  bacteria  are  easily  cultivated,  but  there  are  some 
for  which,  with  our  present  knowledge,  we  are  unable  to  produce 
conditions  suited  for  their  growth. 

All  bacterial  culture  media  must  contain  an  abundance  of  water; 
salts  are  also  indispensable,  and  there  must  be  organic  material  as 
a  source  of  carbon  and  nitrogen.  The  greater  number  of  important 
bacteria  and  all  the  pathogenic  species  thrive  best  in  media  contain- 
ing albuminoid  substances  and  of  a  slightly  alkaline  reaction  to  lit- 
mus. The  demands  of  bacteria  in  the  composition  of  the  culture 
media  vary  considerably.  There  are  some  species  of  water  bacteria, 
for  instance,  which  require  so  little  organic  material  that  they  will 
grow  in  water  that  has  been  twice  distilled.  A  certain  species  will 
grow  abundantly  in  water  containing  ammonium  carbonate  in  solu- 
tion and  no  other  source  of  carbon  and  nitrogen.  This  shows  the 
power  of  some  bacteria  of  producing  cell  substance  from  the  simplest 
materials — a  power  that  belongs  to  the  higher  plants  which  obtain 
their  nourishment  from  the  air  through  their  chlorophyll  and  the 
assistance  of  sunlight  Few  bacteria,  however,  of  any  importance 
in  medicine  are  so  easily  satisfied,  though  there  are  many  species 
which  are  able  to  develop  without  the  presence  of  albumin  and  in 
comparatively  simple  culture  media,  such  as  the  culture  liquid  pro- 
posed by  Uschinsky,  or  the  simpler  one  of  Voges  and  Fraenkel, 
which  consists  of  water,  1000 ;  sodium  chloride,  5 ;  neutral  sodium 
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phosphate,  2;  ammonium  acetate,  6;  and  asparagin,  4.  In  these 
media  many  bacteria  grow  well. 

When  we  consider  in  detail  the  source  of  the  more  important 
chemical  ingredients  of  bacteria  we  find  that  their  nitrogen  is  most 
readily  obtained  from  diffusible  albuminoid  material  and  less  easily 
from  ammonium  compounds.  Their  carbon  they  derive  from  albu- 
min, peptone  and  sugar,  as  well  as  other  allied  carbohydrates ;  glyc- 
erin, fats,  and  other  organic  substances.  It  is  an  interesting  fact 
that  even  compounds  which  in  considerable  concentration  are  ex- 
tremely poisonous,  can,  when  in  sufficient  dilution,  provide  the  neces- 
sary carbon  and  even  act  as  stimulants  to  growth ;  in  this  way  carbolic 
acid  in  very  dilute  solutions  may  be  used  by  some  bacteria. 

The  value  of  substances  as  a  source  of  nutrition  is  often  influenced 
by  the  presence  of  other  materials,  as,  for  instance,  the  value  of 
asparagin  is  increased  by  the  presence  of  sugars.  Further,  mate- 
rials from  which  nitrogen  and  carbon  cannot  be  directly  obtained 
still  become  assimilable  after  being  subjected  to  the  influence  of  bac- 
terial ferments.  The  profound  and  diverse  changes  produced  by  the 
different  ferments  make  it  almost  impossible  to  establish,  except  in 
the  most  general  way,  the  nutritive  value  of  any  mixture  for  a  large 
number  of  bacteria  through  a  simple  knowledge  of  its  chemical  com- 
position. The  special  culture  media,  such  as  bouillon,  blood  serimi, 
etc.,  for  the  development  of  bacteria,  will  be  dealt  with  in  a  later 
chapter. 

Relation  of  Bacteria  to  Oxygen^ — The  majority  absolutely  require 
oxygen  for  their  growth,  but  a  considerable  minority  fail  to  grow 
unless  it  is  excluded.  Our  knowledge  of  this  latter  fact  we  owe  to 
Pasteur,  who  divided  bacteria  into  aerobic  and  anaerobic.  Between 
these  two  groups  we  have  those  that  can  grow  either  with  or  without 
the  presence  of  oxygen. 

Some  at  least  of  the  strict  anaerobic  bacteria  require  for  the  full 
development  of  their  life  functions  the  presence  of  fermentable  sub- 
stances, such  as  sugars,  from  which  they  obtain  oxygen.  Among 
bacteria  can  be  found  all  gradations  between  those  bacteria  which 
develop  only  in  the  presence  of  oxygen  to  those  which  develop  only 
in  its  absence.  If  in  any  given  variety  of  bacterium  the  amount  of 
oxygen  present  is  unfavorable  there  will  be  more  or  less  restriction 
in  some  of  the  life  processes  of  these  bacteria,  such  as  pigment  and 
toxin  production,  spore  formation,  etc.  It  has  also  been  found  that 
some,  at  least,  of  the  aerobic  bacteria  can  be  accustomed  to  grow  with- 
out oxygen  and  that  some  of  the  anaerobics  can  be  accustomed  to 
grow  with  it.  Free  oxygen  kills  the  vegetative  forms  of  the  an- 
aerobic bacteria  in  a  few  hours,  but  hardly  injures  the  spores. 

Sulphur  and  phosphorus  are  two  important  foodstuffs  required  by 
bacteria.  Either  calcium  or  magnesium  and  sodium  or  potassium 
are  also  usually  required  for  bacterial  growth.  Iron  is  demanded 
by  a  few  varieties. 

When  we  consider  the  more  complex  culture  media,  either  those 
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naturally  existing,  sudi  as  blood  serum,  or  those  created  by  us  for 
the  cultivation  of  bacteria,  we  find,  beyond  the  necessary  amount  of 
soluble  foodstuffs,  that  the  relative  proportion  of  each  form  and  the 
total  concentration  are  of  great  importance.  It  is,  nevertheless,  true 
that  very  wide  differences  can  exist  with  but  slight  effect  upon  the 
development  of  many  bacteria,  the  development  of  the  bacteria  usu- 
ally ceasing  through  the  accumulation  of  deleterious  substances  in 
the  culture  media  rather  than  through  food  exhaustion. 

Influence  of  Reaction  of  Media  upon  Growth.^ — The  reaction  of 
the  nutritive  media  is  of  very  great  importance.  Most  bacteria 
grow  best  in  those  that  are  slightly  alkaline  or  neutral  to  litmus. 
Only  a  few  varieties  require  an  acid  medium,  and  none  of  these 
belong  to  the  parasitic  bacteria.  An  amount  of  acid  or  alkali  insuf- 
ficient to  prevent  the  development  of  bacteria  may  still  suiBce  to  rob 
them  of  some  of  their  most  important  functions,  such  as  the  produc- 
tion of  poison.  The  different  effect  upon  closely  allied  varieties  of 
bacteria  of  a  slight  excess  of  acid  or  alkali  is  sometimes  made  use 
of  in  separating  those  which  may  be  closely  allied  in  many  other 
respects. 

Influence  of  One  Species  upon  the  Growth  of  Others. — The  influ- 
ence of  one  species  upon  the  growth  of  another,  either  when  the 
bacteria  grow  together  or  follow  one  another,  is  very  marked.  The 
development  of  one  variety  of  bacteria  in  a  medium  causes  that  sub- 
stance, in  the  majority  of  instances,  to  become  less  suitable  for  the 
growth  of  other  bacteria.  This  is  due  partly  to  the  impoverishment 
of  the  foodstuff,  but  more  to  the  production  of  chemical  substances 
or  enzymes,  which  are  antagonistic  not  only  to  the  growth  of  the 
bacteria  producing  them,  but  to  many  other  varieties  also;  less  fre- 
quently the  changes  produced  by  one  variety  of  bacteria  in  the  food- 
stuff are  favorable  for  some  other  form.  The  pneumococcus  which 
usually  develops  very  tiny  delicate  colonies  upon  nutrient  agar, 
grows  as  luxuriant  succulent  colonies  when  grown  with  certain 
bacilli.  The  influenza  bacillus  which  will  not  grow  alone  upon 
nutrient  agar  will  grow  well  there  in  tlie  presence  of  certain  other 
bacteria. 

Temperature  Suitable  for  Growths — For  the  growth  of  bacteria  a 
suitable  temperature  is  absolutely  requisite.  For  different  varieties 
the  most  favorable  temperature  varies,  but  for  all  a  range  of  about 
2.5°  C.  above  or  below  this  most  favorable  point  covers  the  limits 
for  their  most  vigorous  growth.  Few  bacteria  grow  well  under  10° 
C.  and  few  over  40°  C. ;  0°  C.  is  about  the  lowest  temperature  that 
any  bacteria  have  been  found  to  grow  and  70°  C.  the  highest. 

In  many  instances  the  temperature  of  the  soil  in  which  the  bac- 
teria are  deposited  is  the  controlling  factor  in  deciding  whether 
growth  will  or  will  not  take  place.  Thus,  nearly  all  parasitic  bac- 
teria require  a  temperature  near  that  of  the  body  for  their  develop- 
ment, while  many  saprophytic  bacteria  can  grow  only  at  much  lower 
temperatures.     Bacteria  when  exposed  to  lower  temperature  than 
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suffices  for  their  growth,  while  having  their  activities  decreased,  are 
not  otherwise  injured  unless  actually  frozen  for  a  certain  time ;  while 
exposure  to  higher  temperatures  than  allows  of  growth  destroys  the 
life  of  the  bacteria.  The  relations  of  the  temperature  to  bacterial 
life  and  death  will  be  dealt  with  more  fully  in  the  next  chapter. 


CHAPTER  IV. 

EFFECT  OF  TEMPERATURE  UPON  THE  GROWTH  AND 
DESTRUCTION  OF  BACTERIA. 

In  judging  the  effect  of  heat  as  well  as  other  agents  on  bacteria 
we  have  to  note  the  important  fact  that  different  species  are  differ- 
ently influenced  by  the  same  substance.  Some  bacteria  live  under 
conditions  which  would  destroy  others,  and  they  vary  among  them- 
selves in  their  powers  of  resistance  to  influences  which  are  deleteri- 
ous to  all. 

Purther,  any  species  of  bacteria  will  be  more  resistant  when  under 
favorable  conditions  than  under  unfavorable  ones.  Bacteria  also  in 
recent  cultures  withstand  injury  better  than  those  in  old  cultures,  so 
long  as  they  have  not  entered  into  the  spore  form.  According  to  the 
amount  of  injury  they  have  suffered,  bacteria  may  be  inhibited  in 
some  of  their  functions  or  they  may  be  totally  destroyed. 

Bacteria  Divided  According  to  the  Temperatures  at  which  they 
Grow  Best. — Some  form  of  bacterial  life  is  possible  within  the  lim- 
its of  0°  and  70°  C.  There  are  some  species,  however,  which  grow 
at  the  lower  and  others  at  the  upper  limit  of  these  temperatures. 
The  maximum  and  minimum  temperature  for  each  individual  spe- 
cies ordinarily  lies  from  10°  to  30°  C.  apart.  Bacteria  have  been 
classified  according  to  the  temperatures  at  whidi  they  develop,  as 
follows : 

Psychrophilic  Bacteria. — ^Minimum  at  0°  C,  optimum  at  15°  to 
20°  C,  maximum  at  about  30°  C.  To  this  dass  belong  many  of 
the  water  bacteria,  such  as  the  phosphorescent  bacteria  in  sea-water. 

Mesophilic  Bacteria. — ^Minimum  at  5°  to  25°  C,  optimum  at 
37°  C,  maximum  at  about  43°  C.  To  this  class  belong  all  patho- 
genic bacteria. 

Thermophilic  Bacteria. — ^Minimum  at  25°  to  45°  C,  optimum  at 
50°  to  55°  C,  maximum  at  60°  to  70°  C.  This  dass  includes  a 
number  of  soil  bacteria  which  are  almost  exclusively  spore-bearing 
bacilli.     They  are  also  found  widely  distributed  in  feces. 

By  carefully  elevating  or  reducing  the  temperature  the  limits 
within  which  a  variety  of  bacteria  will  grow  can  be  altered.  Thus, 
the  anthrax  bacillus  was  gradually  made  to  accommodate  itself  to  a 
temperature  of  42°  C,  and  pigeons,  which  are  comparatively  im- 
mune to  anthrax,  partly  on  account  of  their  high  body  temperature 
(42°  C),  when  inoculated  with  this  anthrax  succumbed  to  the  infec- 
tion. Another  culture  accustomed  to  a  temperature  of  12°  C.  killed 
frogs  kept  at  12°  C.  We  have  cultivated  a  very  virulent  diphtheria 
bacillus  so  that  it  will  grow  at  43°  C.  and  produce  strong  toxin. 
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Effect  of  Low  Temperature. — The  rapidity  of  bacterial  growth 
is  retarded  by  temperatures  lower  than  those  required  for  the 
optimum  of  each  species.  It  is  the  usual  custom  in  laboratories 
to  preserve  bacteria  which  die  readily  (such  as  streptococci)  by 
keeping  them  in  the  refrigerator  at  about  5°  to  10°  C.,  after  cul-' 
tivation  for  two  days  at  30°  C,  as  a  means  for  retaining  their 
vitality  without  repeated  transplantation.  Temperatures  even  far 
under  0°  C.  are  only  slowly  injurious  to  bacteria,  different  species 
being  affected  with  varying  rapidity.  This  has  been  demonstrated 
by  numerous  experiments  in  which  tibey  have  been  exposed  for  weeks 
in  a  refrigerating  mixture  at  — 18°  C.  If  a  culture  of  typhoid 
bacilli  is  frozen  about  60  to  70  per  cent  of  the  organisms  are  killed 
at  the  time.  At  the  end  of  one  week  not  more  than  10  per  cent, 
survive  and  at  four  weeks  not  over  1  per  cent.  After  six  months 
none  survive.  More  resistant  bacteria  live  longer  and  spores  may 
survive  in  ice  for  years.  They  have  even  been  subjected  to  a  tem- 
perature of  — 176°  C.  by  immersing  them  in  liquid  air  kept  in  an 
open  tube  for  two  hours,  and  15  to  80  per  cent,  were  foimd  still  to 
grow  when  placed  in  favorable  conditions.  We  found  about  10  per 
cent,  of  typhoid  bacilli  alive  after  thirty  minutes'  exposure  to  this 
low  temperature.  Staphylococci  were  more  resistant.  Spores  were 
scarcely  killed  at  all. 

Effect  of  High  Temperatures. — Temperatures  from  5°  to  10°  C. 
over  the  optimum  affect  bacteria  injuriously  in  several  respects. 
Varieties  are  produced  of  diminished  activity  of  growth,  the  viru- 
lence and  the  property  of  causing  fermentation  are  decreased,  and 
the  power  of  spore  formation  is  gradually  lost.  These  effects  may 
predominate  either  in  one  or  the  other  direction. 

If  the  maximum  temperature  is  exceeded  the  organism  dies;  the 
thermal  death  point  for  the  psychrophilic  species  being  about  37° 
C,  for  the  mesophilic  species  about  45°  to  55°  C,  and  for  the  ther- 
mophilic species  about  75°  C.  There  are  no  non-spore-bearing 
bacteria  which  when  moist  are  able  to  withstand  a  temperature  of 
100°  C.  even  for  a  few  minutes.  A  long  exposure  to  temperatures 
between  60°  and  80°  C.  has  the  same  result  as  a  shorter  one  at  the 
higher  temperatures.  Ten  minutes'  exposure  to  moist  heat  will  at 
60°  C.  kill  the  cholera  spirillum,  the  streptococcus,  the  typhoid 
bacillus,  and  the  gonococcus,  and  at  70°  C.  the  staphylococcus,  the 
latter  being  among  the  most  resistant  of  the  pathogenic  organisms 
which  have  no  spores. 

Effect  of  Dry  Heat. — ^When  microorganisms  in  a  desiccated  con- 
dition are  exposed  to  the  action  of  heated  dry  air  the  temperature 
required  for  their  destruction  is  much  above  that  required  when  they 
are  in  a  moist  condition  or  when  they  are  exposed  to  the  action  of 
hot  water  or  steam.  A  large  number  of  pathogenic  and  non- 
pathogenic species  are  able  occasionally  to  resist  a  temperature  of 
over  100°  C.  dry  heat  for  an  hour.  In  any  large  number  of  bac- 
teria a  few  are  always  more  resistant  than  the  majority.    A  temper- 
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ature  of  120°  to  130°  C.  dry  heat  maintained  for  one  and  a  half 
hours  will  destroy  all  bacteria,  in  the  absence  of  spores. 

Resistance  of  Spores  to  Heat. — Spores  are  far  more  resistant  to 
all  injurious  influences  than  vegetative  forms.  They  may  retain 
their  power  of  germination  for  years  without  either  nourishment  or 
water,  and  are  much  more  indifferent  to  the  action  of  gases  than 
bacilli,  the  spores  of  the  anaerobic  species  being  especially  resistant 
to  the  action  of  oxygen.  Spores  possess  a  great  power  of  resistance 
to  both  moist  and  dry  heat.  Dry  heat  is  comparatively  well  borne, 
many  spores  resisting  a  temperature  of  over  130°  C.  for  as  long  as 
three  hours.  Exposed  to  150°  C.  for  one  hour,  practically  all  spores 
are  killed.  Moist  heat  at  a  temperature  of  100°  C,  either  boiling 
water  or  free-flowing  steam,  destroys  the  spores  of  most  varieties  of 
bacteria  within  fifteen  minutes;  certain  pathogenic  and  non-patho- 
genic species,  however,  resist  this  temperature  for  hours.  The  spores 
of  a  bacillus  from  the  soil  required  five  and  a  half  to  six  hours' 
exposure  to  streaming  steam  for  their  destruction.  They  were 
destroyed,  however,  by  exposure  for  twenty-five  minutes  in  steam 
at  113°  to  116°  C.  and  in  two  minutes  at  127°  C.  The  spores  from 
tetanus  bacilli  may  require  longer  than  fifteen  minutes  exposure  to 
kill  them. 

The  resistance  of  spores  to  moist  heat  is  tested  by  suspending 
threads,  upon  which  the  spores  have  been  dried,  in  boiling  water  or 
steam.  The  threads  are  removed  from  minute  to  minute  and  laid 
upon  agar  or  in  broth,  which  is  then  placed  at  a  suitable  temperature 
for  growth,  should  any  spores  be  living. 

Practical  Use  of  Heat  Disinfection. — In  the  practical  application 
of  steam  for  disinfecting  purposes  it  must  be  remembered  that  while 
moist  steam  under  pressure  is  more  effective  than  streaming  steam  it 
is  scarcely  necessary  to  give  it  the  preference,  in  view  of  the  fact 
that  most  known  pathogenic  bacteria  produce  no  spores  and  the 
spores  of  the  few  that  do  develop  them  are  quickly  destroyed  by  the 
temperature  of  boiling  water,  and  also  that  "  superheated  "  steam  is 
less  effective  than  moist  steam.  When  confined  steam  in  pipes  is 
"  superheated  "  after  its  generation  it  has  about  the  same  germicidal 
power  as  hot,  dry  air  at  the  same  temperature.  Esmarch  found  that 
anthrax  spores  were  killed  in  streaming  steam  in  four  minutes,  but 
were  not  killed  in  the  same  time  by  superheated  steam  at  a  tempera- 
ture of  114°  C.  It  should  also  be  remembered  that  dry  heat  has 
but  little  penetrating  power,  and  that  even  steam  requires  time  to 
pass  through  heavy  goods.  Koch  and  Wolffhiigel  found  that  regis- 
tering thermometers  placed  in  the  interior  of  folded  blankets  and 
packages  of  various  kinds  did  not  show  a  temperature  capable  of 
killing  bacteria  after  three  hours'  exposure  in  a  dry  hot-air  oven  at 
133°  C.  and  over.  We  have  often  put  a  piece  of  ice  in  the  middle 
of  several  mattresses  and  recovered  it  after  exposing  the  goods  to  an 
atmosphere  of  live  steam  for  ten  minutes. 
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Fractional  SterilizatioiL — Certain  nutrient  media,  such  as  blood- 
serum  and  the  transudates  of  the  body  cavities,  as  well  as  certain 
fluid  foodstuffs,  need  at  times  to  be  sterilized,  and  yet  cannot  be 
subjected  to  temperatures  high  enough  to  kill  spores  without  suffer- 
ing injury.  The  property  of  spores,  when  placed  under  suitable 
conditions,  to  germinate  into  the  non-spore-bearing  form,  is  here 
taken  advantage  of  by  heating  the  fluids  up  to  the  highest  non-injuri- 
ous point  for  a  certain  time  on  each  of  several  consecutive  days,  and 
keeping  the  fluid  at  about  20°  C.  during  the  intervals.  By  this 
means  we  kill,  upon  each  exposure,  all  bacteria  in  vegetative  form, 
and  allow,  during  the  intervals,  for  the  development  of  any  still 
remaining  in  the  spore  stage,  or  which  have  reproduced  spores,  to 
change  again  into  the  vegetative  form.  Experience  has  shown  that, 
with  but  few  exceptions,  in  the  case  of  blood  serum  and  body  transu- 
dates, an  exposure  for  six  consecutive  days  at  55°-70°  C.  for  one 
hour  will  completely  sterilize  the  fluids  so  exposed. 

With  the  usual  culture  media  a  temperature  of  100°  C.  for  twenty 
minutes  does  little  or  no  harm,  while  one  of  120°  C.  is  sometimes 
deleterious.  With  heating  to  100°  C.  an  exposure  on  three  consecu- 
tive days,  and  to  115°  C.  one  or  two  suffices. 

Pasteurization. — It  is  sometimes  undesirable  to  expose  food,  such 
as  milk,  to  such  a  temperature  as  will  destroy  spores,  because  of  the 
deleterious  effects  of  such  high  temperatures  upon  food  values,  and 
yet  a  partial  destruction  of  the  contained  bacteria  is  necessary. 
In  these  cases  we  heat  the  foodstuffs  for  from  thirty  to  sixty  minutes 
at  60°  C.  or  from  1  to  20  minutes  at  70°  C.  This  degree  of  heat 
will  kill  most  of  the  bacteria  in  Ihe  vegetative  form,  but  allow  the 
spores  to  remain  alive.  These  exposures  kill  about  .95  to  99.8  per 
cent,  of  the  bacteria  in  milk.  The  exposure  to  this  degree  of  heat 
alters  the  chemical  composition  of  the  milk  but  little. 


CHAPTEE   V. 

THE  MATERIALS  AND  METHODS  USED  IN  THE  CULTIVATION 

OF  BACTERIA. 

The  methods  for  the  artificial  cultivation  of  bacteria  are  of  funda- 
mental importance  in  bacteriology.  The  study  of  the  characteristics 
of  any  bacterium  requires  that  it  be  examined  growing  apart  from 
all  others.  In  order  to  separate  one  species  from  others  and  to  study 
its  morphologic,  biochemic,  and  cultural  characteristics  we  have 
to  prepare  a  number  of  sterile  solid  and  liquid  media  and  employ 
them  in  various  technical  ways.  Before  we  can  get  a  suitable 
growth  of  any  special  variety  of  bacteria,  we  must  have  the  sub- 
stances necessary  for  growth  present  in  the  proper  proportion  and 
concentration.  Different  species  of  bacteria  require  very  different 
foodstuffs,  so  that  for  each  kind  the  proper  food  must  be  found 
through  experimentation. 

Preparation  of  Culture  Media. — The  most  commonly  used  media 
have  as  their  basis  the  watery  extract  of  meat  and  peptone.  The 
addition  to  this  by  Koch  of  gelatin  gave  us  a  transparent  solid 
medium  which  had,  however,  the  objection  of  melting  below  the  tem- 
perature required  for  the  growth  of  many  pathogenic  bacteria. 
Another  sul^tance  of  vegetable  origin  (agar)  was  found,  which 
melted  just  below  the  boiling  point  of  water.  This  has  been  substi- 
tuted for  gelatin  whenever  we  desire  to  grow  bacteria  at  tempera- 
tures above  20^  C.  or  desire  other  characteristics  of  the  agar^media. 

Preparation  of  Meat  Infusion  or  Simple  Bouillon. — One  pound  (500 
grams)  of  finely  chopped,  fresh,  lean  meat  is  macerated  in  1000  c.c. 
of  water  and  put  in  an  ice-chest  for  from  eighteen  to  twenty-four 
hours;  or  it  may  be  warmed  at  a  temperature  not  exceeding  60°  C. 
for  one  hour.  Any  fat  present  is  skimmed  off.  The  last  traces  can 
be  removed  by  stroking  the  surface  with  filter-paper.  The  infusion 
is  now  strained  through  a  fine  cheese-cloth  into  a  flask,  and  the  re- 
maining meat  placed  in  a  cloth  and  squeezed  by  hand  or  in  a  press. 
The  resulting  fluid  contains  the  soluble  albumin,  the  soluble  carbo- 
hydrates, the  soluble  salts,  extractives,  and  coloring  matter  of  the 
meat.  This  meat  extract  is  then  exposed  to  live  steam,  either  with- 
out pressure  in  the  Arnold  steam  sterilizer  (Fig.  21)  for  thirty  min- 
utes, or,  if  the  changes  produced  by  a  temperature  of  110°  to  115° 
C.  are  not  objectionable,  in  the  autoclave  at  a  pressure  of  one  atmos- 
phere for  fifteen  minutes,  or  boiled  over  a  free  flame  for  ten  minutes. 
During  this  process  all  the  albumins  are  coagulated.  While  still 
hot  the  fluid  is  filtered  through  filter-paper  or  through  absorbent  cot- 
ton, and  the  reaction  is  tested  and  sufficient  normal  hydrochloric  acid 
4  83 
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solution  or  sodium  hydroxide  added  to  give  it  the  desired  reaction, 
which  is  for  most  bacteria  slightly  alkaline  to  litmus.  If  in  the 
boiling  there  has  been  any  evaporation,  sufficient  water  is  added  to 
bring  the  fluid  up  to  its  original  bulk.     If  tlie  fluid  is  clear  it  is  put 

into  flasks  and  tubes  and  sterilized; 
if  not  clear,  the  white  of  one  or  two 
eggs  beaten  up  in  water  (50  c.c.  to 
an  eg^)  is  added  to  the  fluid  after 
cooling  it  down  to  about  55^  C. 
After  thoroughly  mixing  witli  the 
eggs,  the  bouillon  is  boiled  briskly 
for  a  few  minutes,  its  reaction  ad- 
justed, and  then  again  filtered  and 
distributed  in  flasks  and  put  in  the 
Arnold  sterilizer  for  one  hour  on 
each  of  three  consecutive  days,  or 
in  the  autoclave  for  twenty  minutes 
for  sterilization.  Instead  of  meat  2 
to  4  grams  of  Liebig's  or  some  other 
meat  extract  may  be  added  to  each 
litre  of  water.  It  is  best  to  dis- 
solve the  extract  in  a  small  amount 
of  cold  water  and  filter  through  a 
cold  wet  filter  paper  to  remove  the 
excess  of  fat  which  occurs  frequently 
in  certain  meat  extracts.  For  some 
pur}X)8cs  the  extract  is  as  good  as 
the  fresh  meat,  but  for  others  it  is  inferior.  This  simple  bouillon 
contains  very  little  albuminous  matter,  and  consists  chiefly  of  the  sol- 
uble salts  of  the  muscle,  certain  extractives,  and  any  slight  traces  of 
soluble  proteid  not  coagulated  by  heat  It  is  not,  therefore,  a  suit- 
able medium  for  most  bacteria. 

We  use  this  as  a  basis  for  the  following  more  useful  media: 
Nutrient  Bouillon  Media. — These  consist  of  meat  infusion  plus  cer- 
tain substances. 

(a)  Peptone  or  Nutrient  Bauillon. — This  has  the  following  com- 
position:  meat  infusion,  1000  c.c;  sodium  chloride,  5  grams;  pep- 
tone (Witte),  10  grams.  Warm  moderately  and  stir  until  the  ingre- 
dients are  dissolved,  then  boil  for  thirty  minutes  in  the  Arnold  ster- 
ilizer or  the  aut<x»lave  and  treat  as  in  making  meat  infnsion.  For 
the  careful  study  of  bacteria  the  exact  reaction  of  the  media  should 
be  carefully  determined.  For  this  pur]X)se  standard  solutions  are 
used  with  phenol phthalein  or  litmus  as  an  indicator.  This  subject 
will  be  taken  up  in  detail  at  the  end  of  the  chapter.  For  water 
bacteria  sodium  chloride  is  omitted  and  the  reaction  is  made  -j-  1 
per  cent. 

(6)  Sugar-free  Nutinent  Bouillon. — A  quantity  of  a  culture  of 
bacillus  coli  or  of  bacillus  lactis  acrogenes  is  added  to  the  meat  ex- 
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tract  and  incubated  at  37°  for  twenty-four  hours.  The  acidity  is 
neutralized,  peptone  and  salt  added,  and  treated  as  described  under 
bouillon. 

(c)  Sugar  Nvirient  Bouillon, — To  the  sterile  peptone  broth  from 
which,  before  its  completion,  the  fermentable  sugars  have  been  re- 
moved 1  to  2  per  cent  of  glucose,  lactose,  saccharose,  or  other  sugars 
is  added.  No  more  boiling  than  necessary  to  sterilize  should  be  used 
after  the  addition  of  the  sugars,  since  they  become  altered  by  heat. 
Temperatures  higher  than  100°  C.  should  never  be  employed. 
These  media  are  used  to  determine  tie  effect  of  bacteria  upon  the 
different  sugars. 

(d)  Glycerin-peptone  Nutrient  Bouillon. — After  filtration,  3  to  5 
per  cent  of  glycerin  is  added  to  the  peptone  bouillon  and  the  whole 
again  sterilized.  This  medium  is  used  especially  for  the  growth  of 
the  tubercle  bacilli. 

(e)  Mannite-peptone  Bouillon, — This  is  prepared  by  adding  1  per 
cent,  mannite  to  the  peptone  bouillon.  It  is  used  especially  in  dif- 
ferentiating between  the  varieties  of  dysentery  bacilli,  some  ferment- 
ing mannite  and  others  not.  In  careful  work  the  bouillon  must  be 
rendered  sugar  free. 

Gelatin  Media. — These  are  simply  the  various  bouillon  and  pep- 
tone media  to  which  gelatin  is  added  as  follows:  To  the  bouillon 
already  prepared  as  described  add  10  per  cent,  of  sheet  gelatin  and 
neutralize.  Add  the  whites  of  two  eggs  for  each  litre,  and  boil  for 
a  few  minutes.  Filter,  place  in  tubes  or  flasks,  and  sterilize.  After 
sterilization  the  gelatin  should  be  placed  at  once  in  a  cool  place. 
This  procedure  prevents  a  further  lowering  of  the  original  melting 
point.  Instead  of  adding  gelatin  to  bouillon  already  prepared,  it 
may  be  added  to  the  meat  infusion  at  the  same  time  the  peptone  and 
salt  were  added  in  preparing  nutrient  bouillon  as  just  described. 
Different  preparations  of  gelatin  differ  greatly  as  to  their  melting 
point.  Boiling  lowers  the  melting  point,  so  that  heat  should  not  be 
applied  any  longer  than  necessary.  The  melting  point  of  different 
samples  of  nutrient  gelatin  varies  between  20°  to  27°  C.  The 
"  gold-label "  gelatin  is  employed. 

Agar  Media. — These  are  the  various  bouillon  and  peptone  media 
to  which  1  to  2  per  cent,  of  agar  are  added.  In  order  to  lessen  the 
effect  of  heat  on  sugars  simple  nutrient  agar  is  first  prepared  and 
then  the  sugar  added.  They  are  prepared  by  adding  to  stock  bouil- 
lon 1  or  2  per  cent.,  as  desired,  of  thread  agar,  melting  it  by  placing 
over  a  free  flame  or  in  the  autoclave  or  steam  sterilizer.  When  the 
agar  is  brought  into  solution  over  a  free  flame  there  may  be  consider- 
able loss  of  fluid  by  evaporation.  This  should  be  compensated  for 
by  adding  additional  water  before  boiling.  Agar  may  be  added 
directly  to  the  meat  infusion  along  with  the  peptone  and  salt.  In- 
deed, this  is  an  advantage,  as  agar-agar  is  very  difiicult  to  bring  into 
solution,  and  is  not  injured  in  the  least  by  prolonged  boiling.  The 
agar  may  be  added  to  water  alone  in  double  the   amount  finally 
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desired.  To  this  is  added  an  equal  quantity  of  nutrient  broth,  which 
is  also  double  its  usual  strength.  Glycerin  agar  is  simply  nutrient 
agar  plus  3  to  6  per  cent  of  glycerin.  It  is  added  to  the  hot  nutrient 
agar  just  previous  to  putting  it  in  the  flasks.  Nutrient  agar  b^ins 
to  thicken  at  a  fairly  high  temperature,  and  should  be  filtered  as  hot 
as*  possible.  When  small  amounts  are  made  it  is  well  to  place  the 
filter  and  receiving  flask  in  the  sterilizer  while  filtering. 

The  following  special  media  are  also  used  in  the  cultivation  of 
bacteria : 

Peptone  Solution  (Dunham's). — This  is  a  simple  1  to  2  per  cent, 
solution  of  peptone  in  tap  or  distilled  water  to  which  0.5  per  cent, 
of  sodium  chloride  is  added.  The  peptone  and  sodium  chloride  are 
dissolved  by  heating.  The  fluid  is  filtered,  placed  in  tubes,  and 
sterilized.  A  reaction  slightly  alkaline  to  litmus  is  suitable  for  most 
purposes.     It  can  be  altered  or  standardized  if  desired. 

Sugar-peptone  Solution,  etc, — The  various  sugars  and  mannite, 
inulin,  glycerin,  etc.,  are  added  to  the  peptone  solution  just  as  pre- 
viously described  for  bouillon. 

Milk. — This  fluid  is  a  good  culture  medium  for  most  pathogenic 
bacteria.  It  should  be  obtained  as  fresh  as  poissible,  so  that  but  little 
bacterial  change  has  occurred.  It  is  first  put  in  the  ice-chest  for 
twelve  hours  to  allow  the  cream  to  rise.  The  milk  is  then  siphoned 
oS  from  below  the  cream  into  a  flask  and  its  reaction  tested.  After 
correction  it  is  put  in  tubes  or  flasks  and  sterilized.  If  acid  to 
phenolphthalein,  normal  sodium  hydrate  should  be  added  to  make 
it  —  1  per  cent 

Litmus  Media. — ^When  it  is  desirable  to  determine  whether  bacteria 
produce  in  their  growth  acid  or  alkali  from  one  or  more  of  the  con- 
stituents of  the  media  litmus  is  frequently  added.  To  prepare  the 
litmus  solution  take  the  lump  litmus,  powder  finely,  and  boil  with 
distilled  water  so  that  a  saturated  solution  is  obtained.  Filter  and 
then  boil  for  thirty  minutes  on  two  successive  days.  The  litmus 
solution  is  added  to  the  neutral  media  in  sufficient  quantity  to  give 
the  desired  depth  of  color.  The  less  heating  that  is  done  after  mix- 
ing the  better  the  results.  Merck's  purified  litmus  in  1  per  cent, 
aqueous  solution  should  be  used  in  careful  work. 

Petmsky's  Litmus  Whey  (as  modified  by  Durham). — Fresh  milk 
is  slightly  warmed  and  clotted  by  means  of  essence  of  rennet.  The 
whey  is  strained  off  and  the  clot  is  hung  up  to  drain  in  a  piece  of 
muslin.  The  whey,  which  is  somewhat  turbid,  is  then  cautiously 
neutralized  with  4  per  cent,  citric  acid  solution,  neutral  litmus  being 
used  as  an  indicator.  When  it  gives  a  good  neutral  violet  color  with 
the  litmus  it  is  heated  at  100°  C.  for  one  hour;  thereby  nearly  the 
whole  proteid  is  coagulated.  It  is  thus  filtered  clear,  and  neutral 
litmus  is  added  to  a  convenient  color  for  observation. 

Neutral  Red. — This  dye  is  added  to  the  peptone  and  bouillon-sugar 
media  to  the  amount  of  1  to  5  per  cent  of  a  concentrated  solution. 
Its  reduction  by  the  growth  of  bacteria  is  a  valuable  point  in  differ- 
entiation in  certain  cases. 
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Nitrate  Bouillon. — ^Dissolve  10  grams  of  peptone  in  1  litre  of  spring 
or  tap  water  and  add  0.02  grams  of  potassium  nitrate  (which  is  free, 
of  nitrites).     This  is  placed  in  test-tubes  and  sterilized. 

Potatoes. — Potatoes  are  used  for  some  special  purposes.  The  pota- 
toes may,  after  thorough  scrubbing  and  removal  of  "  eyes,"  be  soaked 
in  bichloride  of  mercury  (1 :  1000)  for  twenty  minutes,  placed  in 
running  water  twenty-four  hours  to  prevent  darkening,  and  then 
sterilized  on  three  consecutive  days  for  one-half  hour  in  the  steam 
sterilizer.  To  use  they  are  cut  in  thick  slices  and  put  in  deep  Petri 
dishes.  For  more  careful  work  the  potatoes  are  first  cut  into  proper 
sizes  for  tubes,  and  then  soaked  for  twelve  hours  in  running  water 
to  remove  the  acidity. 

Bile. — Fresh  bile  of  cattle  is  sterilized  and  used  without  additions 
or  to  it  is  added  10  per  cent,  of  peptone  and  10  per  cent  of  glycerin. 
The  bile  inhibits  the  coagulation  of  blood  and  also  the  development 
of  many  varieties  of  bacteria.  The  bacilli  of  the  colon-typhoid 
growth  are,  however,  little  affected.  This  medium  is  used  especially 
for  obtaining  the  typhoid  bacillus  from  the  blood  and  from  water. 

Blood  Media. — (a)  Fresh  Blood  Media, — These  are  made  by 
streaking  sterile  defibrinated  or  fresh  human,  rabbit,  or  other 
blood  over  nutrient  agar  contained  in  tubes  or  dishes.  Sometimes 
fresh  blood  is  added  to  fluid  nutrient  agar  at  40°  C.  or  to  bouil- 
lon and  a  mixture  thus  obtained.  Media  made  with  fresh  blood 
contains  not  only  the  haemoglobin,  but  also  intact  red  blood  cells. 
Blood  media  are  used  for  the  growth  of  the  influenza  bacillus,  for 
pneumococci  and  other  bacteria,  and  for  the  observation  of  the  reduc- 
tion of  the  haemoglobin  .by  the  growth  of  certain  bacteria. 

(b)  Heated  Blood  Media. — The  clot  containing  the  red  cells,  after 
the  separation  of  the  serum,  is  broken  up  and  added  to  the  bouillon 
and  heated  to  80°  to  90°  C.  This  makes  a  muddy  fluid  which  is 
fitted  only  for  the  development  of  bacteria  where  no  observation  of 
their  growth  is  required. 

Blood-senun  Media.  Ascitic  or  Pleuritic  Fluid. — ^Blood  serum  may  be 
sterilized  by  fractional  sterilization  and  remain  fluid,  or  it  may  be 
rendered  solid  by  the  degree  of  heat  used  in  sterilizing.  The  blood 
is  obtained  from  an  ox,  horse,  sheep,  dog,  or  rabbit  and  collected  into 
jars,  flasks,  or  tubes,  where  it  is  allowed  to  stand  until  it  clots. 
When  the  serum  is  to  be  used  in  a  fluid  state  the  blood  should  be 
drawn  in  an  aseptic  manner  into  a  flask  from  a  vein  by  means  of  a 
sterile  cannula  and  rubber  tube.  When  the  serum  is  to  be  solidified, 
less  care  is  necessary.  It  is  here  sufiicient  to  catch  the  blood  from 
the  cut  artery  or  vein  into  sterile  jars  or  tubes.  To  facilitate  clot- 
ting it  is  well  to  have  in  the  jar  or  tube  something  upon  which  the 
clot  may  contract. 

Loeffler's  Blood  Serum. — Three  parts  of  calf's  or  sheep's  blood 
serum  is  mixed  with  one  part  of  neutral  peptone  bouillon  containing 
1  per  cent  of  glucose.  The  serum  mixture  is  run  into  tubes,  which 
are  plugged  and  then  placed  in  a  slanting  position  in  the  serum 
bspissator. 
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Blood-serum  coagulator. 


Serum  may  be  solidified  and  still  remain  translucent  at  a  tempera- 
ture of  76°  C,  but  when  heated  to  a  higher  degree  a  more  definite 
coagulation ,  takes  place,  and  the  medium  becomes  opaque.  Care 
must  be  taken  in  coagulating  blood  serum  at  the  hi^er  temperature 
to  run  the  temperature  up  slowly,  and  not  to  heat  a  We  95°  C.  until 
the  serum  has  firmly  coagulated;  for,  unless  these  precautions  are 
taken,  ebullition  is  likely  to  occur,  which  will  lead  to  the  formation 
of  bubbles  and  an  unevenness  of  the  surface  upon  which  growth  is 

to  be  obtained  and  studied. 
Serum  may  be  solidified  at  the 
temperature  mentioned  in  an 
incubator,  water-oven,  or  even 
in  an  Arnold  sterilizer  with 
the  top  covered  by  a  cloth  in- 
stead of  the  usual  lid,  and  when 
coagulated  firmly  (90°  C.)  the 
tubes  and  their  contents  may, 
on  the  following  day,  be  steril- 
ized in  streaming  steam  at  100° 
C.  without  danger  of  the  sub- 
sequent formation  of  bubbles. 
Koch's  serum  coagulator  (Fig.  22)  is,  however,  the  most  convenient 
apparatus.  Some  bacteriologists  prepare  the  tubes  of  solidified  serum 
in  the  autoclave,  gradually  increasing  the  temperature  to  110°  C. 
This  is  a  very  rapid  and  convenient  method.  It  has  seemed  to  us, 
however,  that  the  high  temperature  injured  the  medium  somewhat. 
Alkaline  Blood  Serum, — To  each  100  c.c.  of  blood  serum  add  1 
to  1.5  c.c.  of  a  10  per  cent  solution  of  sodium  hydrate.  Treat  as 
Loefiler's  serum.  This  will  give  a  solid,  clear  medium  consisting 
chiefly  of  alkali  albuminate. 

Serum-bouillon  Media  (Marmorek's  Media)  : 

1.  Human  serum,  2  parts;  nutrient  bouillon,  1  part 

2.  Ascitic  or  pleuritic  fluid,  1  part;  nutrient  bouillon,  2  parts. 

3.  Horse  serum,  1  to  2  parts ;  nutrient  Iwuillon,  1  to  2  parts. 
These  media  were  first  used  extensively  by  Marmorek  in  cultivat- 
ing streptococci.  The  ascitic  fluid  bouillon  has  been  found  by  Wil- 
liams to  be  of  great  use  in  enriching  cultures  of  diphtheria  bacilli. 
It  is  also  the  best  medium  for  the  growth  of  pneumococci,  strepto- 
cocci, and  many  other  pathogenic  bacteria. 

Serum-water  Media  (Hiss'  Serum  Media). — ^W^en  diluted  with  2 
to  10  parts  of  water,  many  sera  can  be  steamed  without  coagulating. 

1.  Ox  serum,  1  part;  distilled  water,  2  parts;  normal  sodium 
hydrate,  0.1  per  cent. 

2.  The  same,  with  inulin  1  per  cent  substituted  for  the  sodium 
hydrate. 

For  the  sterilization  of  undiluted  fluid  serum  and  of  ascitic  and 
pleuritic  fluids,  it  is  requisite  that  they  be  exposed  to  a  temperature  of 
from  62°  to  66°  C.  for  one  hour  on  each  of  six  consecutive  da  vs. 
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The  best  apparatus  for  obtaining  and  maintaining  this  temperature 
(about  65°  C.)  is  a  small  and  well-regulated  incubator  or  chamber 
surroimded  by  a  water  space,  into  which  the  tubes  and  flasks  con- 
taining serum  are  to  be  put  each  day,  and  in  which  they  are  to  be 
left  for  the  prescribed  time  after  having  been  warmed  to  the  desired 
temperature. 

Serum  may  be  preserved  by  placing  it  in  flasks  which,  after  the 
addition  of  5  per  cent  of  chloroform,  are  sealed.  When  it  is  to  be 
used  it  is  poured  into  sterilized  culture  (test)  tubes  and  sterilized  by 
exactly  the  same  methods  as  jfre  employed  in  sterilizing  fresh  serum. 
The  chloroform,  being  volatile,  tends  to  disappear  at  ordinary  tem- 
peratures, but  is  quickly  and  surely  driven  off  at  the  temperatures 
used  in  sterilizing. 

Serum  may  be  eiBciently  sterilized,  when  great  care  is  used,  by 
passing  it  through  a  well-tested  Pasteur  .filter,  imder  pressure. 
When  so  treated  the  fluid  is  very  clear  and  light-colored. 

Important  media  used  for  special  varieties  of  bacteria  will  be 
noted  in  the  chapters  devoted  to  them. 

Beaction  of  Oulttire  Media. — The  reaction  of  media  is  a  matter  of 
the  greatest  importance,  since  slight  variations  will  often  aid  or 
inhibit  the  growth  of  bacteria  and  also  produce  marked  differences 
in  the  microscopic  and  macroscopic  characters  of  a  growth.  Hence 
it  is  important  to  work  with  media  whose  reaction  is  accurately 
known,  so  that  necessary  variations  or  uniformity  can  afterward  be 
attained. 

Formerly  it  was  customary  to  use  litmus  as  the  indicator  in  neu- 
tralizing media,  adding  normal  soda  or  hydrochloric  acid  solution 
until  the  red  litmus  turned  slightly  blue,  or  the  blue  litmus  just  a 
tinge  less  blue.  This  was  considered  the  neutral  point.  This 
method  is  still  a  satisfactory  one  for  those  who  are  only  going  to  cul- 
tivate the  common  pathogenic  bacteria  for  diagnostic  purposes  or  for 
the  routine  development  of  toxin,  ilost  parasitic  bacteria  which 
grow  at  all  on  artificial  culture  media  develop  best  in  them  when 
they  have  a  neutral  or  slightly  alkaline  reaction  to  litmus.  If  a 
certain  alkalinity  is  desired  a  definite  number  of  cubic  centimetre? 
of  normal  soda  solution  can  be  added  for  each  litre  of  neutral  media  : 
if  an  acidity  is  desired,  normal  hydrochloric  acid  solution  is  added. 

Many  bacteriologists  consider  that  litmus  is  not  delicate  enough 
to  be  entirely  satisfactory,  especially  when  experiments  are  to  be 
reported  or  exactly  repeated.  This  objection  is  made  chiefly  by  those 
investigating  water  bacteria  who  are  watching  cultural  and  bio- 
chemic  characteristics  in  simple  peptone-beef  media.  For  these  pur- 
poses phenolphthalein  has  been  generally  selected.  It  is  of  great 
importance  to  remember  that  different  indicators  not  only  differ  in 
delicacy,  but  that  they  react  differently  to  different  substances.  A 
medium  which  is  alkaline  to  litmus  is  acid  to  phenolphthalein,  show- 
ing that  there  are  present  in  such  media  substances  possessing  an 
acid  character  which  litmus  does  not  detect.     These  substances  are 
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weak  organic  acids  and  organic  compounds,  theoretically  amphoteric^ 
but  in  which  an  acid  character  predominates.  Thus,  a  litre  of  bouil- 
lon becomes,  on  the  addition  of  1  per  cent,  of  peptone,  more  alkaline 
to  litmus,  but  decidedly  more  acid  to  phenolphthalein ;  100  c.c.  of 
water  with  1  per  cent  of  peptone  is  acid  to  phenolphthalein  to  such 
an  extent  that  about  3.5  c.c.  of  decinormal  NaOH  is  required  to 
neutralize  it.  To  litmus  it  is  alkaline  and  requires  3.4  c.c.  of  deci- 
normal HCl.  Two  per  cent,  of  peptone  doubles  the  difference.  The 
same  figures  hold  approximately  true  for  peptone  broth.  We  should 
find  by  growing  the  bacteria  just  what  reaction  we  want  for  any 
variety,  and  then  test  the  fluid  with  phenolphthalein  or  litmus  as  the 
indicator.  With  precisely  similar  ingredients  we  can  then  exactly 
reproduce  at  any  time  in  the  future  the  same  reaction,  but  with  dif- 
ferent materials  one  would  again  have  to  study  the  reaction. 

Titration  of  Gtdture  Media. — We  must  have  accurately  standard- 
ized normal  and  decinormal  solutions  of  sodium  hydrate  and  hydro- 
chloric acid;  also  a  0.5  per  cent  solution  of  phenolphthalein  in  30 
per  cent  alcohol  and  a  neutral  1  per  cent  solution  of  Merck's  litmus. 

Care  should  be  taken  to  prevent  the  absorption  of  carbon  dioxide 
by  the  soda  solution,  by  arranging  that  all  air  which  comes  in  contact 
with  the  latter,  either  in  the  stock  bottle  or  in  the  burette,  shall  first 
pass  through  a  strong  solution  of  sodium  or  barium  hydrate.  The 
arrangement  of  the  apparatus  is  described  in  any  work  on  chemical 
analysis.  The  medium  is  brought  to  the  desired  volume  with  water, 
and  boiled  four  minutes  to  expel  the  carbon  dioxide.  Media  are  com- 
monly warm  or  hot  when  measured,  hence  it  must  be  remembered 
Ihat  true  volumes  cannot  be  thus  obtained ;  for  instance,  a  litre  meas- 
ured at,  say,  80°  C.  would  be  only  973  c.c.  if  measured  at  20°  C, 
the  temperature  at  which  litre  flasks  are  calibrated.  Since  many 
media  cannot  be  cooled  to  20°  C.  because  of  solidification,  as  in  the 
case  of  agar  or  gelatin,  it  is  a  better  plan  when  accuracy  is  important 
to  determine  measures  of  volume  by  weight.  For  this,  place  a  clean, 
dry  saucepan,  in  which  the  medium  is  to  be  prepared,  upon  one  side 
of  a  trip  scale,  and  counterbalance  its  weight  exactly.  The  weight 
of  a  litre  of  bouillon,  gelatin,  or  agar  having  been  determined  once 
for  all,  the  necessary  weights  added  to  the  weight  of  the  pan  will 
give  the  amount  which  the  pan  and  its  contents  must  balance  when 
the  volume  is  exactly  one  litre.  A  portion  of  the  medium  brought 
to  the  exact  volume  is  then  taken  and  cooled  to  room  temperature 
(20°  C),  or  to  a  point  a  few  degrees  above  solidification,  and  10 
C.C.  withdrawn,  placed  in  a  small  beaker,  50  c.c.  of  distilled  water 
and  1  c.c.  of  the  phenolphthalein  solution  added.  If  the  medium  is 
acid  the  j^  NaOH  solution  is  then  run  in  cautiously  until  a  pale 
but  decided  pink  color  is  obtained.  The  number  of  cubic  centimetres 
of  the  solution  used,  multiplied  by  ten,  will  give  the  number  of  cubic 
centimetres  of  normal  sodium  hydrate  per  litre  necessary  to  effect 
complete  neutralization.  The  question  as  to  what  is  the  best  reac- 
tion of  media  for  general  work  is  not  an  easy  one  to  settle,  and  one 
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on  which  bacteriologists  differ.  What  is  the  proper  reaction  for  one 
variety  of  bacteria  is  often  far  from  the  best  for  some  other  variety. 
Keactions  are  now  commonly  expressed  by  plus  or  minus  signs,  the 
former  representing  an  acid  and  the  latter  an  alkaline  condition,  the 
number  following  the  sign  representing  the  percentage  of  normal  acid 
or  alkali  present  in  the  medium.  Thus,  +1.5  would  indicate  that 
the  medium  contained  1.5  parts  per  100  or  1.5  per  cent  of  free  nor- 

Fio.  23  Fig.  24 


Erlenmeyer   flask.  Pasteur  flask. 

mal  acid,  while  — 1.5  would  indicate  that  the  medium  contained  an 
equivalent  quantity  of  free  alkali.  The  committee  of  the  American 
Public  Health  Association  in  1898  adopted  a  medium  whose  reaction 
was  +  1.5  as  the  best  for  general  work  in  water  examinations.  In 
1905  this  was  changed  to  +  1.0  per  cent.  A  medium  whose  reaction 
is  +0.5  per  cent,  acid  to  phenolphthalein  is  still  better  adapted  for 
many  bacteria.  It  cannot  be  too  strongly  impressed  upon  the  reader 
that  whatever  the  reaction,  its  measure  should  be  stated  in  all  descrip- 
tions of  cultural  characters.  The  litmus  solution  is  added  in  the 
same  way  as  that  of  phenolphthalein. 

Storage  of  Media. — The  nutrient  media  are  stored  in  glass  flasks 
(Fig.  23).  From  these,  as  needed,  glass  tubes  are  filled.  When 
small  amounts  of  media  are  taken  frequently  from  flasks,  Pasteur's 
flasks  (Fig.  24)  are  of  great  convenience.  They  consist  of  a  flask 
with  a  ground-glass  neck,  over  which  fits  a  cap.  This  cap  may  or 
may  not  terminate,  as  desired,  in  a  narrow  tube,  which  is  plugged 
widi  cotton.  The  cap  keeps  the  edges  of  the  flask  free  from  bacteria 
and  prevents  the  cotton  from  sticking.  A  tumbler  or  a  simple  cap 
of  paper  over  the  neck  answers  much  the  same  purpose.  Stock 
media  should  be  kept  in  a  cool  moist  place  until  needed. 

Preparation  and  Filling  of  Tubes. — The  cheaper  grades  of  test- 
tubes  should  be  avoided.  They  are  thin  and  break  easily,  and  also 
frequently  frost  on  heating  from  the  separation  of  silicic  acid.  The 
tubes  of  the  better  class  can  be  used  after  rinsing  with  hot  water; 
they  should  have  no  lip.  Cheap  tubes  are  very  alkaline  and  must 
first  be  soaked  in  dilute  hydrochloric  acid. 

Cleansing  and  Stebilization  of  Apparatus. — In  order  to 
study  bacteria,  both  in  culture  media  and  in  the  living  body,  we 
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must,  as  already  stated,  separate  those  developed  from  one  organism 
from  all  others  and  study  them  by  themselves  in  pure  cultures.  In 
order  to  do  this  we  have  to  take  the  greatest  precautions  to  ensure 
that  the  materials  that  we  make  use  of  for  the  growth  of  bacteria, 
the  flasks  and  tubes  tliat  hold  these  materials,  and  the  instruments 
with  which  we  transfer  the  bacteria  are  sterile.  In  bacteriological 
work  sterilization  is  practically  always  done  by  means  of  dry  and 
moist  heat,  for  no  antiseptic  substances  can  be  allowed  to  remain  in 
any  of  the  media  used  for  the  growth  of  bacteria  or  on  any  of  the 
apparatus  which  would  come  in  contact  with  them,  as  such  substances 
would  inhibit  the  growth  of  the  bacteria  which  we  desire  to  study. 
The  platinum  wires  and  loops  (Fig.  45)  used  in  transferring  bac- 
teria are  sterilized  by  holding  them  for 
^'°'  ^^  a  moment  until  red-hot  in  a  gas  or  alco- 

hol flame.  They  should  not  be  used  un- 
til time  enough  has  elapsed  for  them  to 
cool  sufficiently  not  to  injure  the  bac- 
teria touched  by  them.  Knives,  instru- 
ments, etc.,  are,  after  thorough  cleansing, 
placed  in  boiling  1  per  cent,  soda  solu- 
tion for  three  to  five  minutes.  Hypoder- 
mic needles  are  sterilize<l  by  boiling  in 
soda  solution,  or,  when  this  is  impos- 
^  sible,    they    are    first   frequently    rinsed 

Dry-heat  sterilizer.  ^ith  boiling  or  with  vcry  hot  w^ater,  and 

then  filled  with  a  5  per  cent,  carbolic 
acid  solution  for  at  least  thirty  minutes  and  then  rinsed  again  witli 
sterile  water.  Xew  tubes  and  flasks  sometimes  require  to  be  washed 
in  a  solution  of  dilute  hydrochloric  acid,  so  as  to  remove  any  free 
alkali  which  may  be  present.  They  are  finally  thoroughly  rinsed 
in  pure  water.  Old  tubes,  flasks,  and  other  glassware  are  boiled  for 
about  tliirty  minutes  in  a  5  per  cent,  solution  of  washing  soda,  and 
then  thoroughly  rinsed  off  with  water  until  perfectly  clean.  If  nec- 
essary, any  dirt  clinging  to  the  insides  of  the  flasks  and  tubes  can 
be  removed  by  bristle  brushes  or  suitable  swabs.  After  the  tubes 
and  flasks  have  been  thoroughly  cleaned  they  are  plugged  loosely 
witli  ordinary  cotton-batting,  or,  if  that  is  not  at  hand,  the  more 
expensive  absorbent  cotton.  The  tubes  and  flasks  with  their  cotton 
plugs  and  all  other  glassware  are  sterilized  by  dry  heat  at  150^  C. 
for  one  hour  in  the  dry -heat  sterilizer  (Fig.  25). 

The  sterile  tulx's  and  flasks  are  filled  with  the  media,  when  small 
quantities  are  used,  by  means  of  a  glass  funnel.  The  main  precau- 
tion to  be  observed  is  not  to  let  the  media  soil  the  neck  of  the  tubes 
and  flasks,  as  this  would  cause  the  fibres  of  the  cotton  plugs  to 
adhere  to  the  sides  of  the  tul)es  when  the  media  dried,  and  make  it 
difficult  to  remove  tlie  plugs  wholly  when  w^e  wished  to  inoculate  the 
contents  of  the  tubes. 

The  tubes  and  flasks,  plugged  with  sterile  cotton  and  containing 
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media,  are  sterilized  by  fractional  sterilization  at  100*^  C.  for  one  half 
hour  on  three  consecutive  days.  A  portion  of  the  tubes  containing 
nutrient  agar  are  laid  in  a  slanted  position  before  cooling,  after  the 
final  sterilization,  so  that  a  larger  surface  may  be  obtained. 

THE  CULTIVATION  OP  BACTERIA 

Bacteria  can  seldom  be  identified  by  their  microscopic  and  stain- 
ing characteristics  alone.  We  can  only  study  their  forms,  arrange- 
ment, and  motility  or  lack  of  motility.  To  go  beyond  this  we  have 
to  grow  the  microorganism  in  pure  culture  on  the  various  culture 
media  and  perhaps  also  in  animals.  It  is  necessary,  as  well,  to  have 
the  proper  conditions  as  to  temperature,  moisture,  access  of  oxygen, 
etc. 

When  we  make  cultures  from  any  material,  we  are  very  apt  to 
find  that  instead  of  one  variety  of  bacteria  only  there  are  a  number 
present  If  such  a  material  is  placed  in  fluid  media  contained  in 
test-tubes,  we  find  that  the  different  varieties  all  grow  together  and 
become  hopelessly  mixed.  When,  on  the  other  hand,  the  bacteria 
are  placed  on  solid  media  they  develop  about  the  spot  where  they 
were  inoculated.  If  different  varieties,  however,  are  placed  too  near 
together,  they  overgrow  one  another;  it  is  thus  advisable  to  have  a 
greater  surface  of  nutrient  material  than  is  given  on  the  slanted  sur- 
face of  nutrient  agar  or  blood-serum  contained  in  test-tubes.  This 
need  is  met  by  pouring  the  media  while  warm  on  flat,  cool,  glass 
plates  or  into  shallow  dishes. 

Technique  of  Making  Plate  Cultures. — In  making  plate  cultures 
two  methods  are  carried  out  In  the  first  the  material  with  its  con- 
tained bacteria  is  scattered  throughout  the  fluid  before  it  hardens ;  in 
the  second  it  is  streaked  over  the  surface  of  the  medium  after  it  has 
solidified.  Nutrient  agar  and  nutrient  gelatin,  the  two  substances 
used  for  plate  cultures,  differ  in  two  essential  points,  which  cause 
some  difference  in  their  uses.  Nutrient  1  per  cent,  agar  melts  near 
the  boiling  point  and  begins  to  thicken  at  about  36°  C.  It  is  not 
liquefied  by  bacterial  ferments.  Nutrient  10  per  cent,  gelatin  melts 
according  to  the  variety  used,  at  the  low  temperature  of  about  23° 
to  27°  C,  and  solidifies  at  a  point  slightly  below  tliat  It  is  liquefied 
by  many  bacterial  ferments.  When  we  wish  to  inoculate  fluid  nutri- 
ent agar  for  plate  cultures  we  have  to  take  great  care  that  in  cooling 
it  to  a  point  which  will  not  injure  the  bacteria,  about  41°  C,  we  do 
not  allow  it  to  cool  too  much  and  thus  solidify  and  prevent  our  pour- 
ing it  into  the  plates.  To  prevent  this,  when  a  number  of  tubes  are 
to  be  inoculated,  they  are  placed  while  still  hot  in  a  basin  of  water 
which  has  been  heated  to  about  45°  C.  When  the  temperature  of 
the  agar  in  the  tubes,  as  shown  by  a  thermometer  placed  in  one  of 
them,  has  fallen  to  42°  C,  the  water,  milk,  feces,  bacterial  culture, 
or  other  substance  to  be  tested  is  added  to  the  other  tubes  in  what- 
ever quantity  is  thought  to  be  proper  up  to  1  c.c.     A  greater  quan- 
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tity  of  fluid  would  dilute  and  cool  the  nutrient  agar  too  much. 
After  inoculation  the  contents  of  the  tubes  are  thoroughly  shaken  and 
poured  out  quickly  into  round,  flat-bottomed,  glass  Petri  dishes  (Fig. 
26),  the- covers  of  which  are  raised  on  one  side  for  the  required  time 
only.  Instead  of  placing  the  bacteria  in  the  tube  they  are  often  placed 
directly  in  the  Petri  dish.  This  is  particularly  important  in  quan- 
titative work.  No  bacteria  are  left  in  the  tube 
from  which  the  medium  is  poured,  resulting  in 
loss  of  organisms.  The  melted  nutrient  gelatin  or 
agar  is  then  poured  in  the  dish  and  by  gently  tip- 
ping the  fluids  are  mixed.  It  is  somewhat  more  dif- 
ficult to  scatter  the  bacteria  evenly  when  they  are 
mixed  with  the  media  in  plates  rather  than  in  tubes. 
The  bacteria  are  now  scattered  throughout  the  fluid, 
and  as  it  quickly  solidifies  they  are  fixed  wherever  they  happen  to 
be,  and  thus  as  each  individual  multiplies  clusters  are  formed  about 
it  at  the  spot  where  it  was  fixed  at  the  moment  of  solidification. 
The  number  of  colonies  of  bacteria  (Fig.  27)  thus  indicate  to  us 
roughly  the  number  of  living  bacteria  in  the  quantity  of  fluid  added 
to  the  liquid  agar.  Groups  or  chains  of  bacteria  which  in  spite  of 
shaking  remain  attached  produce  single  colonies.  Bacteria  which 
do  not  grow  on  the  media  or  at  the  temperatures  employed  produce 


Petri  dish. 
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Photograph  of  a  large  number  of  colonies  developing  In  a  layer  of  gelatin  contained 
In  a  Petri  dish.  Some  colonies  are  only  pinpoint  in  size ;  some  as  large  as  a  pencil. 
The  colonies  here  appear  in  their  actual  size. 


of  course  no  colonies.  Nutrient  gelatin  is  used  exactly  as  agar, 
except  that  as  the  average  product  does  not  congeal  until  cooled  below 
22^  C.  we  have  no  fear  of  its  cooling  too  rapidly.  In  order  not  only 
to  count  the  number  of  colonies  which  develop  and  obtain  a  charac- 
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teristic*  growth,  but  also  to  prevent  the  inhibition  of  the  growth  of 
some  and  the  fusing  of  others,  it  is  desirable  not  to  inoculate  the 
nutrient  agar  or  gelatin  to  be  poured  in  one  plate  with  too  large  a 
number  of  bacteria. 

Dilution  Methods. — As  it  is  impossible  to  know  the  number  of 
bacteria  in  any  suspected  fluid,  it  is  usual  to  make  a  set  of  four  dif- 
ferent plates,  to  each  of  which  a  different  amount  of  material  is 
added,  so  that  some  one  of  the  four  will  have  the  required  number 
of  colonies.  The  dilutions  are  made  in  sterile  distilled  water  or 
bouillon.  In  the  first  tube  we  place  an  amount  which  we  believe 
will  surely  contain  sufficient  and  probably  too  many  bacteria.  To 
the  second  tube  we  add  10  per  cent,  of  the  amount  added  to  the  first, 
and  to  the  third  10  per  cent,  of  the  second,  and  to  the  fourth.  10  per 
cent  of  the  third.  Thus,  if  the  first  contained  60,000  bacteria  the 
second  would  have  6000  (Fig.  27),  the  third  600,  and  the  fourth 
60.  If,  on  the  other  hand,  the  first  contained  but  60,  the  second 
would  have  about  6,  and  the  remaining  two  would  probably  contain 
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Well -distributed  colonies  on  agar  Wollfhilgers  apparatus  for  counting  colonies. 

In  Petri  dish. 

none  at  all.  When  there  are  many  colonies  present  the  dishes  are 
covered  by  a  glass  plate  (Fig.  29),  ruled  in  larger  and  smaller 
squares,  Wolffhiigel's  apparatus.  With  the  eye  or  when  necessary 
aided  by  a  hand  lens  the  colonies  in  a  certain  number  of  squares 
are  counted  and  then  the  number  for  the  whole  contents  estimated. 
It  is  very  important  to  remember  that  when  more  than  200  or  300 
bacteria  start  to  develop  in  the  agar  or  gelatin  contained  in  a  plate 
some  develop  colonies  which  fuse  together,  while  others  are  inhibited 
before  they  develop  visible  colonies.  Thus  if  sixty  thousand  sepa- 
rated bacteria  were  placed  in  the  agar  of  one  dish  they  would  prob- 
ably not  produce  over  ten  thousand  colonies,  while  one  tenth  as 
much  would  produce  about  three  thousand  and  one  one-hundredth 
as  much  would  produce  about  five  hundred.  Unless  this  effect  of 
overcrowding  is  taken  into  account  gross  inaccuracies  will  occur  in 
estimating  the  number  of  bacteria  present  in  the  material  from  which 
the  plAtfs  w^r^  m^d^,     Jf  possible,  dilutions  should  be  made  so  that 
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plates  will  contain  between  forty  and  four  hundred  colonies.'  It  is 
often  advisable  to  examine  the  material  to  be  tested  under  the  micro- 
scope in  order  to  determine  roughly  the  number  of  bacteria  present 

When  the  material  to  be  tested  is  crowded  with  bacteria  it  is  often 
best  to  make  an  emulsion  of  a  portion  of  it,  and  use  this  rather  than 
the  original  substance  for  making  the  dilutions  to  be  used.  Meas- 
ured quantities  of  the  diluted  material  can  be  transferred  most  accu- 
rately through  a  sterilized,  long,  glass  pipette  graduated  in  one  one- 
hundredth  cubic  centimetres,  or,  more  roughly,  by  a  platinum  loop 
of  known  size. 

Streaked  Surface  Cultures. — The  nutrient  agar-agar  is  frequently 
used  in  a  different  manner.  About  8  cc.  are  poured  into  the  Petri 
dish  and  allowed  to  harden.  The  substance  to  be  tested  bacteriolog- 
ically,  or  a  dilution  of  it,  is  then  drawn  across  the  medium  in  a  series 
of  parallel  streaks  by  means  of  a  platinum  loop  lightly  over  its  sur- 
face. Each  successive  streak  is  made  with  the  same  needle  or  loop 
without  replenishing  the  material  to  be  tested.  Each  streak  will 
therefore  leave  less  deposit  of  bacteria  and  fewer  colonies  will  de- 
velop. Wliile  in  the  former  method  most  of  the  bacteria  developed 
under  the  surface,  here  all  develop  upon  it.  This  is  an  advantage, 
as  many  forms  of  bacteria  develop  more  characteristically  on  the  sur- 
face than  in  the  midst  of  the  media,  and  it  is  easier  to  remove  them 
free  from  other  bacteria  with  the  platinum  needle.  Instead  of 
streaking  the  material  by  means  of  the  platinum  wire  over  the  agar, 
a  loopful  may  be  deposited  on  the  agar  and  then  smeared  over  its 
surface  by  a  sterile  swab  or  bent  glass  rod.  The  method  of  using 
glass  plates  upon  a  cooling  stage  has  now  been  practically  given  up 
for  the  more  convenient  one  of  Petri  dishes.  In  warm  weather  the 
dishes  may  be  cooled  before  using,  so  as  to  harden  quickly  the  agar 
or  gelatin  that  is  poured  into  them. 

An  old  method,  which  is  still  sometimes  used  to  find  the  number 
of  living  bacteria,  is,  instead  of  pouring  out  the  media  which  has 
been  inoculated,  to  congeal  it  on  the  sides  of  the  test-tubes.  This 
is  best  done  by  laying  the  tube  flat  on  its  side  on  a  cake  of  ice  and 
rotating  it  Tubes  come  especially  formed  for  this  by  having  a 
slight  neck,  which  prevents  the  media  running  up  to  the  plugged  end 
of  the  tube.  This  method,  Esmarch's,  is  used  only  when  the  Petri 
dishes  are  not  obtainable  or  cannot  easily  be  transported. 

Study  of  Colonies  in  Plate  Cultures  in  Nutrient  Agar. — The 
plates  should  l>e  studied  after  twelve  to  forty-eight  .hours'  growth 
at  blood  temperature  and  after  one  to  four  days  at  70°  F.  (21°  C). 
The  special  time  allowed  varies  according  to  the  rapidity  of  the 
growth  of  the  varieties  developing;  thus,  bacteria,  such  as  the  strep- 
tococci and  influenza  bacilli,  reach  the  characteristic  development  of 
their  colonies  in  from  ten  to  sixteen  hours,  while  others  continue  to 
spread  for  several  days.  If  we  wait  too  long  where  numerous  varie- 
ties of  bacteria  are  growing  the  colonies  of  heavier  growth  may 
cover  up  the  finer  and  more  delicate  ones.     As  a  rule,  the  younger 
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colonies  are  more  characteristic,  except  where  the  development  of 
pigment  is  sought. 

The  colonies  are  first  examined  with  the  naked  eye  (Fig.  28),  then 
with  magnification  of  about  60   diameters   (Figs.   30  to  35),  and 
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Fig.  30. — Irregular  fringed  colony    (B.  malignant  oedema).      (From  Kolle  and  Was- 
serman.)  ,     ,    v 

Fig.  81. — Round  surface  colony   (colon  bacilli  grown  In  stiff  gelatin). 
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Fig.  32. — Colony  of  typhoid  in  rather  stiff  gelatin. 

Fig.  33. — Colonies  of  typhoid  and  colon  bacilli  in  rather  soft  gelatin. 


Fig.  34 


Fig.  35 


Fig.  34. — Colony  of  colon  bacilli  grown  In  soft  gelatin. 

Fig.  35. — One  irregular  colony  of  colon  and  two  of  typhoid  bacilli   In  soft  gelatin. 
(Figs.  31-35  from  photographs  by  Dunham.) 

then,  if  necessary,  at  from  400  to  500  diameters   (Fig.  44).     We 
note  everything  we  can  about  them,  such  as  their  size,  surface  ele- 
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vation,  form,  internal  structure,  edges,  and  optical  characters.  If 
grown  in  gelatin,  whether  they  have  or  have  not  caused  liquefaction. 
The  accompanying  schematic  representations  from  Lehman  and 
Neumann  (Figs.  36  to  43)  illustrate  some  of  these  points. 
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Fig.  36. — Moist  raised  colonies  with  no  visible  structure,  looking  like  a  drop  of 
water. 

Fig.  37. — Deep  colonies,  usually  either  light  brown,  gray  or  yellow  In  color,  opaque, 
with  little  marking.      (Figs.  36-43  from   Lehman   and  Neumann.) 


Fig.  40 


Fig.  38 


Fig.  39 


Fig.  38. — The  colonies  very  finely  granular,  with  or  without  twisted  threads  at 
borders. 

Fig.  39. — Colonies  opaque  In  centre  with  lighter  borders.  The  margin  Is  coarsely 
granular. 

Fig.  40. — Colon/  In  gelatin.  The  centre  Is  coarsely  granular  In  partly  fluid  gelatin, 
formed  of 


The  borders  are 
Fig.  41 


wavy  bands  of  threads. 
Fig.  42 


Fig.  43 


Fig.  41. — Colonies  circular  In  form,   composed  of   radiating  threads. 

Fig.  42. — Colonies  with  opaque  centres,   with  a  thin  border  fringe. 

Fig.  43. — Colony  showing  a  network  of  threads  which  is  thicker  In  centre. 


At  the  higher  magnification  we  begin  to  detect  the  individual  bac- 
teria (Fig.  44).     After  studying  the  colonies  we  remove  a  few  of 
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the  bacteria  from  one  or  more  of  them  by  touching  each  with 
the  tip  of  a  sterile  platinum  needle  (Fig.  45),  and  thus  transfer 
them  to  a  cover-glass  for  microscopic  examination,  or  to  new  media 
where  they  may  develop  in  pure  cultures  and  show  their  growth 
characteristics. 

Fig.  44  FIG.  46 


3. 


-A 


M 


Two   surface   colonies   of   diphtheria   bacilli   upon 
agar.     x500  diameters. 


Platinum  needle,  loop,  and 
spade.  For  most  purposes 
finer  wire  is  used. 


Hanging  Mass  or  Living  Block  Cultures. —In  order  to  study  the 
morphology  and  manner  of  multiplication  of  bacteria  to  better  advan- 
tage Ihan  in  the  hanging  drop,  we  have  used  hanging  masses  of  agar, 
made  by  placing  a  large  platinum  loop  full  of  melted  agar  on  a  sterile 
cover-glass  and  allowing  it  to  harden,  protected  from  dust.  The  bac- 
teria are  placed  on  the  free  surface  of  this  mass  and  studied  as  in  a 
hanging  drop. 

Hill  devised  the  following  procedure:  Melted  nutrient  agar  is 
poured  into  a  Petri  dish  to  a  depth  of  about  one-eighth  to  one-quarter 
of  an  inch.  When  cool  a  block  is  cut  eut  about  one-quarter  of  an 
inch  square.  The  block  is  placed  under  surface  down  on  a  slide  and 
protected  from  dust.  A  very  dilute  suspension  of  the  growth  to  be 
examined  is  then  made  in  sterile  bouillon  and  spread  over  the  upper 
surface  of  the  block.  The  slide  and  block  are  then  put  in  the  incu- 
bator for  ten  minutes  to  dry  slightly.  A  clean  cover-slip  is  now 
placed  on  the  agar  block  in  such  a  way  as  to  avoid  large  air  bubbles. 
The  slide  is  then  removed.  With  the  aid  of  a  platinum  loop  a  drop 
or  two  of  melted  agar  is  run  along  each  side  of  the  block  to  fill  any 
angles  between  it  and  the  cover-glass.  After  drying  in  the  incubator 
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for  five  minutes  it  is  placed  over  a  hollow  slide  and  sealed  with 
paraffin. 

In  using  nutrient  gelatin  one  must  always  remember  not  to  allow 
it  to  stay  where  the  temperature  is  over  20°  C,  for  if  that  happens 
pjq  4q  the    media    as    a    rule    will    melt ; 

nor  must  the  liquefying  colonies 
be  allowed  to  grow  for  too  lonsr 
a  time,  or  the  entire  media  will 
become  fluid. 

Pure  Cultures — If  we  transfer 
without  contamination  bacteria  from 
a  colony  formed  from  a  single 
organism  to  new  media,  and  these 
grow,  we  have  what  is  known  as 
a  pure  culture  of  that  variety. 
AATien  these  are  transferred  to  the 
solid  media  we  call  the  growth 
which  takes  place  from  smearing 
„,  ^     .  ^   ^        ^  ,  .      the  bacteria  over  the  surface  a  sur- 

Stnb  cultures  of  three  cholera  spl-      j.  ,,  i      ,i 

riiia  In  gelatin,  showing  In  upper  lacc  or  smcar  culturc,  and  that 
Facuon  of  n"u?rCt'gaat'r'^*^  "'""     formed   in  the  depth  of  the  media 

by  plunging  the  needle  carrying  the 
bacteria  into  it  a  stab  culture  (Figs.  46  and  47). 

In  transferring  bacteria  from  one  tube  to  another  we  slant  the 
tubes  so  that  no  dust  may  fall  within  and  contaminate  with  other 
bacteria  the  special  variety  we  wish  to  transplant.  The  greatest 
care  must  be  taken  that  the  sterilized  platinum  needle  used  to  trans- 
fer the  bacteria  is  not  infected  by  touching  any  non-sterile  matter. 
The  upper  rim  of  culture  tubes  should  be  passed  through  the  flame 
so  as  to  destroy  any  bacteria  resting  there.  Even  with  our  utmost 
care  bacteria  will  from  time  to  time  pass  from  the  air  or  edges  of 
our  tubes  into  the  culture  media,  and  thus  possibility  of  contamina- 
tion must  always  be  kept  in  mind.  When  it  occurs  upon  solid  media 
we,  as  a  rule,  easily  detect  it,  for  we  notice  the  growth  at  some  point 
of  bacteria  of  different  colony  characteristics ;  but  in  fluid  media,  on 
account  of  the  complete  mingling  of  the  bacteria,  we  are  not  so  apt 
to  notice  the  additional  growth. 

The  Study  of  Pure  Cultures  in  Tubed  Media. — A  few  points 
of  the  many  which  should  be  observed  are  the  following: 

Gelatin  stab  cultures. 

A.  Non-liquefying. 
Line  of  puncture. 

Filiform,  uniform  growth,  without  special  characters. 
Beaded,  consisting  of  loosely  placed,  disjointed  colonies. 
ArlK)reseent,  branched,  or  tree-like. 
Some   of   these   ix)ints   are   illustrated   in   Fig.    47,    sketched   by 
Chester. 

B.  Liquefying. 
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Crateriform,  a  saucer-shaped  liquefaction  of  the  gelatin. 
Saccate,  shape  of  an  elongated  sac,  tubular  (Fig.  46), 
Statiform,  liquefaction  extending  to  the  walls  of  the  tube. 


1 


B 


2 


o 
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Showing  characters  of  gelatin  stab  cultures:  A.  Characters  of  surface  elevation: 
1,  flat;  2,  raised;  8,  convex;  4,  pulvinate;  5,  capitate;  6,  umbillcate;  7,  umbonate. 
B.  Characters  of  growth  in  depth :  1,  filiform ;  2,  beaded ;  8,  tuberculate-ecinulate ; 
4,  arborescent;  5,  villous.     (From  Chester.) 

Nutrient  agar  tube  cultures  give  fewer  points  for  observation,  but 
should  be  studied  in  the  same  way.  The  agar  in  the  tubes  is  usually 
slanted  and  the  culture  growth  is  not  only  in  the  stab,  but  along  the 
streaked  surface.    The  characteristics  of  each  should  be  noticed. 

Apparatus  for  Obtaming  a  Suitable  Temperature  for  the  Orowth 
of  Bacteria. — ^Xhcubators.— In  order  to  have  a  constant  and  proper 
temperature  for  the  growth  of  bacteria,  forms  of  apparatus  called 
incubators  have  been  devised  (Fig.  48).  These  consist,  in  their 
simplest  form,  of  an  inner  air  chamber  surrounded  by  a  double  cop- 
per wall  containing  water.  The  apparatus  externally  is  lined  with 
asbestos,  to  prevent  radiation.  It  is  supplied  with  doors  and  with 
openings  for  thermometers  and  a  thermoregulator.  The  thermo- 
regulators  are  of  various  kinds ;  those  in  most  use  depend  upon  the 
expansion  or  contraction  of  the  fluid  in  the  bulb  A  (Fig.  49),  which 
rests  within  the  water-jacket,  to  lessen  or  increase  the  space  between 
the  surface  of  the  mercury  B  and  the  inner  tube  D,  thus  allowing 
of  the  passage  of  a  greater  or  less  quantity  of  gas  to  the  burner 
throu^  the  tube  D.  Other  forms  are  used  in  very  large  incubators 
or  in  incubator  rooms.     These  usually  depend  upon  the  contraction 
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or  expansion  of  metal,  or  the  use  of  the  electric  current  to  control 
the  flow  of  the  gas. 

The  temperature  in^  the  air  chamber  is  kept  above  that  of  the  sur- 
rounding air  by  means  of  a  gas  flame  regulated  as  above  described, 
or,  when  that  cannot  be  obtained,  a  lamp. 

When  temperatures  lower  than  that  of  the  surrounding  air  are 
wanted  heat  is  reduced  by  passing  a  stream  of  cool  water  through 
the  water  chamber,  which  is  itself  regulated.     When  very  accurate 


Fio.  48 


FlO.  40 


Small  Incubator. 


Thermoregulator. 


investigations  are  to  be  made  a  gas-pressure  regulator  is  added  to 
the  thermoregulator.  Incubators  are  also  both  warmed  and  regu- 
lated by  electricity. 

In  emergencies  a  culture  may  be  developed  at  the  blood  tempera- 
ture by  placing  it  in  water  contained  in  a  small  vessel,  which  itself 
is  contained  in  a  larger  vessel,  also  filled.  By  adding  a  little  hot 
water  from  time  to  time  to  the  outer  vessel  the  temperature  can 
readily  be  kept  between  34°  and  38°  C,  which  is  sufficiently  uni- 
form for  bacteria  such  as  the  diphtheria  bacilli  to  grow. 

As  a  temporary  expedient  during  the  night,  when  haste  is  neces- 
sary, it  is  possible,  when  the  culture  medium  is  solid  and  within  a 
strong  glass  tube  or  metal  case,  to  make  use  of  the  body  heat  by  put- 
ting it  under  the  clothing  next  to  the  body  or  sleeping  upon  it. 
Naturally,  this  should  only  be  done  when  other  means  fail.  Several 
times,  when  in  the  country,  this  method  has  enabled  the  writer  to 
obtain  a  growth  of  diphtheria  bacilli  over  night,  and  thus  get  impor- 
tant information,  when  otherwise  it  would  have  been  impossible. 
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Methods   for  Obtainiiig  Anaerobic   Conditions  for  Bacteria. — 

Pasteur  excluded  the  oxygen  by  pouring  a  layer  of  oil  on  the  culture 
fluid.  A  simple  device  is  that*  of  Koch,  who  placed  a  thin  strip  of 
sterile  mica  upon  the  still  fluid  agar  or  gelatin  in  the  Petri  dish, 
which  had  already  been  inoculated.  After  the  solidification  of  the 
media  the  portion  under  the  mica  is  excluded  from  the  air  and  an- 
aerobic growth  can  develop. 

A  second  simple  method  (Liborius)  is  to  fill  the  tubes  witii  media 
fuller  than  usual  and  to  inoculate  the  bacteria  deep  down  to  near 
the  bottom  of  the  tubes  while  the  media  are  still  semisolid.  An 
anaerobic  growth  will  take  place  in  the  lower  part  of  the  tube.  In 
a  similar  way  the  closed  arm  of  the  fermentation  tube  will  suffice 
for  anaerobic  growth,  if  the  opening  connecting  it  with  the  open 
bulb  is  quite  small  and  the  medium  has  been  freshly  heated  to  expel 
any  dissolved  oxygen.  Wright  devised  the  following  procedure:  A 
short  glass  tube  with  constricted  ends  is  used.  Each  end  has  a  piece 
of  rubber  tubing  attached.  One  of  these  is  connected  with  a  glass 
tube,  which  projects  through  the  cotton  plug  of  the  test-tube.  The 
test-tube  contains  bouillon.  The  whole  is  sterilized  and  then  the 
test-tube  inoculated.  The  bouillon  is  then  drawn  up  into  the  con- 
stricted tube,  which  is  sealed  by  simply  pushing  down  the  tube  so 
that  both  rubber  ends  are  sealed  by  being  bent  on  themselves.  When 
spores  are  present,  a  simple  method  suggested,  I  believe,  by  McFar- 
land,  can  be  successfully  employed.  Vessels  plugged  with  stoppers 
perforated  by  glass  tubes  drawn  to  a  point  are  filled  to  such  a  height 
that  when  the  fluid  is  heated  to  80^  0.  it  will  just  fill  them.  They 
are  inoculated  when  the  bouillon  is  at  about  60°  C,  heated  to  80° 
C,  and  then  sealed  by  closing  the  tube's  point  by  means  of  a  flame. 
After  inoculating  and  heating,  instead  of  sealing  the  glass  tube  a 
sterile  rubber  cork  can  be  inserted. 

If  much  fermentation  is  expected,  the  cork  should  be  clamped  or 
tied  to  the  bottle,  so  that  it  will  not  blow  out.  One  advantage  of 
this  method  is  that  any  contaminating  organisms  which  have  no 
spores  will  be  killed. 

When  sealed  the  bottles  should  be  cooled  and  then  placed  in  the 
incubator. 

A  very  convenient  modiflcation  of  Pasteur's  method  for  the  growth 
of  bacteria  in  fluid  media  is  to  cover  the  fluid  with  albolene  or  paraf- 
fin. In  bbiling  all  tiie  oxygen  is  driven  out  We  prepare  all  our 
tetanus  toxins  in  this  way:  Litre  flasks  are  filled  to  near  the  neck 
with  bouillon.  This  is  covered  with  a  one-half  inch  layer  of  albo- 
lene mixed  with  sufficient  paraffin  to  yield  a  nearly  solid  substance  at 
37°  C.  The  bouillon  after  boiling  is  quickly  cooled  by  setting  the 
flask  containing  it  in  a  shallow  layer  of  cool  water,  so  as  to  lower 
the  temperature  of  the  lower  portion  of  the  bouillon  to  40°  C.  or 
under,  while  leaving  the  paraffin  on  the  surface  still  fluid.  While 
in  this  condition  it  is  inoculated  with  the  tetanus  culture.     Bits  of 
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Fig.  61 


Jar  for  anaerobic  cultures. 
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tissue  suspected  to  contain  tetanus  bacilli  are  dropped  into  smaller 
flasks  filled  and  prepared  in  the  same  way. 

Displacement  of  Air. — In  the  more  com- 
plicated methods  the  plates  or  tubes  are  placed 
in  jars  of  a  type  devised  by  Novy  (Fig.  50), 
in  which  the  oxygen  is  displaced  by  a  stream 
of  hydrogen  developed  by  the  Kipp  appa- 
ratus, through  the  action  of  pure  granulated 
zinc  and  a  25  per  cent,  solution  of  pure  sul- 
phuric acid.  When  all  the  oxygen  has  been 
displaced  the  jars  are  sealed  by  rotating  the 

stopper. 

Fig.  50  ABSORPTION  OF 

Oxygen.  —  In  an- 
other method  the 
oxygen  is  extracted 
by  a  mixture  of  pyro- 
gallic  acid  and  caus- 
tic potash.  To  each 
100  c.c.  of  air  space 
in  the  jar  1  gram  of 
pyrogallic  acid  and 
10  C.C.  of  6  per  cent, 
solution  of  potassium 
hydroxide  are  added 
and  the  jars  immedi- 
ately sealed.     A  very 

simple    modification    has    been    described    by 

Wilson.     In   a  large  test-tube  a  small  piece 

of  solid  caustic  potash  is  placed  and  over  this 

powdered  pyrogallic  acid  is  poured.     This  is 

stored  until  wanted.     A  smaller  culture  tube 

with     the     desired     medium     is     inoculated. 

Water  is  now   added   to  the  large   test-tube, 

which  works  its  way  slowly  through  the  py- 
rogallic acid.  The  small  tube  is  quickly  in- 
serted  and   the  whole   sealed   by  water  or   a 

rubber  cork  (Fig.  51).     Solid  culture  media 

in   test-tubes   can   be   inverted   over   the   acid 

soda   mixture,    which   is    then   covered    by    a 

layer   of   albolene   to   prevent   the   absorption 

of   oxygen  from   the  air.     The   displacement 

method    is    often    used    along    with    that    of 

absorption. 

Associated  with  Aerobic  Bacteria. — Anaerobic  bacteria  mixed 

with  aerobic  bacteria  will  frequently  grow  in  the  apparent  presence 


Buchner'8  anaerobic 
tube.  The  fluid  consists 
of  pyrogallic  acid  dis- 
solved in  10  per  cent, 
soda  solution.  By  Wil- 
son's method  the  tubes 
are  charged  with  pieces 
of  caustic  potash  covered 
with  pyrogallic  acid. 
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of  oxygen,  the  aerobic  bacteria  robbing  the  media  of  it.  Thus, 
tetanus  and  diphtheria  grow  togellier  in  an  open  flask  of  bouillon. 

Method  for  Adapting  Bacteria  to  Animal  Fluids The  placing  of 

cultures  in  collodion  sacs  in  the  abdomens  of  animals  has  been  used 
extensively  by  the  Pasteur  school. for  exalting  the  virulence  of  bac- 
teria or  trying  to  adapt  them  to  species  of  animals  differing  from  the 
one  from  which  they  were  isolated. 

The  underlying  idea  is  to  grow  the  organisms  in  the  peritoneal 
cavity  of  an  animal  under  such  conditions  that  the  waste  products 
of  the  germs  will  be  removed,  an  abundant  supply  of  nutrient  mate- 
rial furnished,  and  the  germs  themselves  protected  from  the  action 
of  the  phagocytes.  The  hermetically  sealed  collodion  sacs  answer 
this  purpose.  The  collodion  used  is  the  U.  S.  Pharmacopoeia  solu- 
tion, which  by  exposure  to  the  air  has  been  concentrated  one-third. 

The  sealed  inoculated  sacs  are  to  be  inserted  into  the  peritoneal 
cavity  with  every  possible  precaution  for  asepsis.  The  sacs  are  left 
in  place  for  days  or  months,  as  the  experiment  requires. 


CHAPTER   VI. 

MICROSCOPIC  METHODS. 

THE  PBEPAEATION,  STAINING,  AND  MIOBOSOOPIO 
EXAMINATION  OF  BAOTEBIA. 

The  direct  microscopic  examination  of  suspected  substances  for 
bacteria  can  be  made  either  with  or  without  staining.  Unstained, 
the  bacteria  are  examined  in  a  hanging  drop  or  on  transparent  solid 
media,  under  daylight,  or,  better,  artificial  light  to  note  their  number, 
their  motility,  liieir  size  and  form,  and  their  general  arrangement; 
but  for  more  exact  study  of  their  appearance  they  can  be  so  mudi 
better  observed  when  stained  that  this  step  is  always  advisable. 

Elimination  of  Foreign  Bacteria  from  Preparations. — Since  bac- 
teria are  present  in  the  air,  in  dust,  in  tap  water,  on  our  bodies, 
clothes,  and  all  surrounding  objects,  it  follows  that  when  we  b^n 
to  examine  substances  for  bacteria  the  first  requisite  is  that  the  mate- 
rials we  use,  such  as  staining  fluid,  cover-glasses,  etc.,  should  be 
practically  free  from  bacteria,  both  living  and  dead,  otherwise  we 
may  not  be  able  to  tell  whether  those  we  detect  belonged  originally 
in  the  substances  examined  or  only  in  the  materials  we  have  used  in 
the  investigation. 

Film  Preparation. — A  cover-glass  or  slide  preparation  is  made  as 
follows:  A  very  small  amount  of  the  blood,  pus,  discharges  from 
mucous  membranes,  cultures  from  fluid  media,  or  other  material  to 
be  examined  is  removed  by  means  of  a  sterile  swab  or  platinum  loop 
and  smeared  undiluted  in  an  even,  thin  film  over  a  perfectly  clean,^ 
thin  cover-glass  or  slide.  From  cultures  on  solid  media,  however, 
on  account  of  the  abundance  of  bacteria  in  the  material,  a  little  of 
the  growth  is  diluted  by  adding  it  to  a  tiny  drop  of  filtered  or  dis- 
tilled water,  free  from  all  suspended  matter,  which  has  been  previ- 
ously placed  on  the  glass.  The  amount  of  dilution  is  learned  after 
a  few  trials.  It  is  best  to  add  to  the  drop  just  enough  of  the  culture 
to  make  a  perceptible  cloudiness.  The  mixture  is  then  smeared 
thinly  and  uniformly  over  the  glass.     When  blood  or  pus  is  to  be 

*To  render  new  cover-slips  clean  and  free  from  grease,  place  them  in  strong 
nitric  acid  for  a  few  hours,  then  rinse  them  in  water,  then  in  alcohol,  then  in 
ether.  Place  them  finally  for  keeping  in  alcohol,  to  which  a  little  ammonia  has 
been  added.  When  used  wipe  with  soft,  clean  linen  or  cotton  cloth.  If  old 
cover-slips  are  used,  boil  first  in  5  per  cent,  sodium  carbonate  solution.  Another 
procedure  is,  after  washing  with  soap  and  water  and  rinsing  in  water,  to  soak  the 
cover-glasses  in  alcohol,  then  wipe  with  soft  linen,  then  place  in  a  Petri  dish,  and 
heat  in  the  dry  sterilizer  for  one  hour  at  200°  C.  to  burn  off  fatty  substances. 
The  heating  may  be  done  by  holding  the  cover-glass  in  the  flame  sufficiently  to 
heat  thoroughly  without  softening.  A  cover-glass  is  not  clean  when  a  drop  of 
water  spread  over  it  does  not  remain  evenly  distributed,  but  gathers  in  droplets, 
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studied  it  is  well  to  put  a  small  drop  on  a  slide  or  cover-glass  and 
then  immediately  to  place  on  top  of  this  another  slide  or  cover-glass. 
The  fluid  will  spread  between  the  two,  and  when  they  are  drawn 
apart  a  fairly  thin,  even  smear  will  be  left  on  each  of  them.  If  it 
is  desired  to  preserve  the  blood  cells  intact  the  films  are  placed  in  a 
saturated  solution  of  corrosive  sublimate  for  two  to  three  minutes 
and  then  washed  in  running  water,  or  they  may  be  exposed  to  the 
vapor  of  formalin,  or  be  placed  in  methyl  alcohol  or  absolute  ethyl 
alcohol  for  a  few  seconds  before  staining. 

When  milk  films  are  made  they  are,  after  fixation,  cleared  of  fat 
by  means  of  ether.  From  whatever  source  derived  the  film  is  al- 
lowed to  dry  thoroughly  at  the  usual  air  temperature,  and  then,  in 
order  to  fix  the  film  with  its  contained  bacteria  to  the  glass,  the  latter 
is  grasped  in  any  one  of  the  several  kinds  of  forceps  commonly  used, 
and  is  passed  three  times  by  a  rather  slow  movement  through  the 
Bunsen  or  alcohol  flame.  Instead  of  this  method  the  film  may  be 
fixed  to  the  glass  by  placing  it  in  any  one  of  the  already  named  fixa- 
tives for  a  few  minutes.  The  smear  thus  prepared  is  usually  stained 
either  by  the  simple  addition  of  a  solution  of  an  aniline  dye,  for  from 
one  to  five  minutes,  or  by  one  of  the  more  complicated  special  stains 
described  later.  When  tiie  stain  is  to  be  hastened  or  made  more  in- 
tense the  dye  is  used  warm.  For  ordinary  staining  the  bacteria  are 
simply  covered  completely  by  the  cold  staining  fluid,  which  is  left 
the  requisite  length  of  time. 

The  cover-glass  or  slide,  with  the  charged  side  uppermost,  may 
either  rest  on  the  table  or  be  held  by  some  modification  of  Comet's 
forceps.  When  the  solution  is  to  be  warmed  the  cover-glass  may  be 
floated,  smeared  side  down,  upon  the  fluid  contained  in  a  porcelain 
dish  resting  on  a  wire  mat,  supported  on  a  stand,  or  it  may  be  held 
over  the  flame  in  the  Comet  forceps.  If  a  slide  is  used  it  is  simply 
inserted  in  the  fluid  or  covered  by  it  The  fluid  both  in  the  dish  and 
on  the  glass  should  be  carefully  warmed,  so  as  to  steam  without  actu- 
ally boiling.  The  glass  should  be  kept  completely  covered  with 
fluid.  The  bacteria  having  now  been  stained,  the  cover-glass  or  slide 
is  grasped  in  the  forceps  and  thoroughly  but  gently  washed  in  clean 
water  and  then  dried,  first  between  layers  of  filter-paper  and  then  in 
the  air  or  high  over  a  flame.  A  drop  of  balsam  or  water  is  then 
placed  on  a  glass  slide  and  the  cover-glass  put  upon  it  with  the  bac- 
terial side  down.  The  cover-glass. or  slide  preparation  is  now  ready 
for  microscopic  examination. 

Staining  of  Bacteria.^ — The  protoplasm  of  bacteria  reacts  to  stains 
much  as  nuclear  chromatin,  though  sometimes  more  and  sometimes 
less  actively. 

The  best  stains  are  the  basic  aniline  dyes,  which  are  compounds 
derived  from  the  coal-tar  product  aniline  (CeHgNHg).^ 

'  For  a  good  description  of  the  composition  and  action  of  the  various  stains 
see  A.  B.  Lee's  * ' Microtomist 's  Vade-Mecum, "  6th  edition,  1905. 
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Aniline  Dyes. — The  aniline  dyes  which  are  employed  for  staining 
purposes  are  divided  into  two  groups  according  as  the  staining  action 
depends  on  the  basic  or  the  acid  portion  of  the  molecule.  The  for- 
mer contain  amido  groups  and  are  spoken  of  as  nuclear  stains,  since 
they  color  the  nuclear  chromatin  of  both  cells  and  bacteria.  The 
latter  contain  hydroxyl  groups  and  stain  bacteria  faintly;  they  are 
used  chiefly  for  contrast  coloring.  The  basic  dyes  are  usually  em- 
ployed as  salts  of  hydrochloric  acid,  while  the  acid  dyes  occur  as 
sodium  or  potassium  salts. 

The  following  are  the  most  commonly  used  basic  aniline  stains : 
Violet  stains — methyl  violet,  gentian  violet,  crystal  violet. 
Blue  stains — methylene  blue,  thionin  blue. 
Red  stains — ^basic  fuchsin,  safranin. 
Brown  stain — Bismarck  brown. 
Green  stain — methyl  green. 

Of  the  above  stains  the  violet  and  red  stains  are  the  most  in- 
tense in  action.  It  is  correspondingly  easy  to  overstain  a  speci- 
men with  them.  Of  the  blue,  methylene-blue  probably  gives  the 
best  differentiation  of  structure  and  it  is  difficult  to  overstain 
with  it. 

These  dyes  are  all  more  or  less  crystalline  powders,  and  while 
some  are  definite  chemical  compounds,  others  are  mixtures.  For 
Ihis  reason  various  brands  are  met  with  on  the  market  and  the  exact 
duplication  of  stains  is  not  always  possible.  Dyes  should  be  ob- 
tained from  reliable  houses  only;  most  bacteriologists  obtain  them 
from  Griibler,  of  Leipzig. 

It  is  advisable  to  keep  on  hand  not  only  the  important  dyes,  but 
also  stock  solutions  from  which  the  staining  solutions  are  made. 
The  stock  saturated  alcoholic  solutions  are  made  by  pouring  into  a 
bottle  enough  of  the  dye  in  substance  to  fill  them  to  about  one- 
quarter  of  their  capacity.  The  bottle  should  then  be  filled  with 
alcohol,  tightly  corked,  well  shaken,  and  allowed  to  stand  for  twenty- 
four  hours.  If  at  the  end  of  this  time  all  the  staining  material  has 
been  dissolved,  more  should  be  added,  the  bottle  being  again  shaken 
and  allowed  to  stand  for  another  twenty-four  hours.  This  must  be 
repeated  until  a  permanent  sediment  of  undissolved  coloring  matter 
is  seen  upon  the  bottom  of  the  bottle.  This  will  then  be  labelled 
"  saturated  alcoholic  solution,"  of  whatever  dye  has  been  employed. 
The  alcoholic  solutions  are  not  themselves  employed  for  staining 
purposes.  The  solution  for  use  is  made  by  filling  a  small  bottle 
three-fourths  with  distilled  water,  and  then  adding  the  concentrated 
alcoholic  solution  of  the  dye,  little  by  little,  until  one  can  just  see 
through  the  solution.  It  is  sometimes  desirable  to  use  a  more  con- 
centrated solution  with  dyes  such  as  methylene  blue.  Care  must 
be  taken  that  the  color  does  not  become  too  dense ;  usually  about  one 
part  to  ten  is  sufficient.  Small  wooden  cases  come  prepared  for 
holding  about  one-half  dozen  bottles  of  the  staining  solutions.  This 
number  will  answer  for  all  practical  purposes. 
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General  Observations  on  the  Principles  of  Staining  Bacteria.— 
Ificrochemical  Beaction  and  Staining  of  the  Oell  Body. — Of  special  im- 
portance in  this  regard  is  the  resistance  which  bacteria  possess  to 
diluted  alkalies.  Inasmuch  as  the  majority  of  animal  tissues  are 
dissolved  when  treated  with  alkalies,  this  method  has  been  adopted 
for  rendering  visible  unstained  bacteria  in  tissues.  As  a  rule,  bac- 
teria are  stained  yellowish  with  iodine  solution,  a  few  only  in  con- 
sequence of  their  starchy  constituents  being  stained  blue. 

Bacteria  may  be  stained  with  various  dyes  of  very  different  chem- 
ical composition,  such  as  hsematoxylin  and  certain  plant  dyes,  etc., 
but  most  of  these  are  of  little  practical  value  as  compared  with  the 
basic  aniline  colors.  K.  Koch  was  the  first  to  recognize  the  affinity 
of  bacteria  for  these  dyes  and  to  note  their  importance  as  a  means 
of  differentiating  microorganisms  from  other  corpuscular  elements. 

The  staining  of  bacteria  is  not  to  be  considered  simply  as  a 
mechanical  saturation  of  the  cell  body  with  the  dye,  in  which  the 
latter  is-  dissolved  in  the  plasma.  It  is  rather  a  chemical  combina- 
tion between  the  dye  substance  and  the  plasma.  This  union,  how- 
ever, is  apparently  an  unstable  one  and  easily  broken  up.  TJnna 
believes  that  the  basic  aniline  dyes,  from  their  chemical  composition, 
are  not  really  bases  but  neutral  salts — e.  g.,  fuchsin  equals  rosani- 
line  chloride;  they  are  called  basic  only  because  the  staining  com- 
ponents (as  the  rosaniline)  are  of  a  basic  nature.  The  staining 
process  is,  therefore,  not  to  be  looked  upon  as  if  the  dye  substance 
separated  into  its  component  parts  and  only  the  staining  ingredient 
attacked  the  cell  body,  because  the  tissues  for  which  these  "  basic 
aniline  dyes  "  have  special  affinity  are  themselves  basic.  On  the 
contrary,  the  dyestuff  imites  as  a  whole  with  the  plasma,  forming, 
as  it  were,  a  double  salt  or  unstable  compound  between  the  two. 

The  dependence  of  the  staining  process  upon  the  solvent  condition 
of  the  dye  is  shown  in  the  following  observations : 

1.  Entirely  water  free,  pure  alcoholic  dye  solutions  do  not  stain. 

2.  Absolute  alcohol  does  not  decolorize  bacteria,  while  diluted 
alcohol  is  an  active  decolorizing  agent.  The  compound  of  dye  sub- 
stance and  plasma  is  therefore  insoluble  in  pure  alcohol. 

3.  The  more  completely  a  dye  is  dissolved  the  weaker  is  its  stain- 
ing power.  For  this  reason  pure  alcoholic  solutions  are  inactive; 
and  the  so-called  weak  dye  solutions  to  which  strong  dye  solvents 
have  been  added  are  limited  in  their  action  on  certain  bacteria  in 
which  the  dye  substance  is  closely  united.  This  is  the  principle  of 
Neisser's  stain  for  diphtheria  Imcilli — viz.,  acetic  acid  methylene- 
blue  solution. 

On  the  other  hand,  the  addition  of  alkalies  to  the  dye  mixture  ren- 
ders the  solvent  action  less  complete,  leading  to  slight  clouding,  and 
finally,  if  large  amounts  of  alkali  are  added,  to  precipitation  of  the 
dye  substance.  Solutions  thus  treated  possess  an  intense  staining 
power.  According  to  Michaels,  however,  in  Loeffler's  methylene- 
blue  solution  the  role  of  the  alkali  is  purely  of  a  chemical  nature, 
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by  which   it  converts   the  methylene  blue   into  methylene   azure 
(azure  II). 

The  dependence  of  the  staining  process  upon  the  nature  of  the 
bacteria  is  exhibited  in  the  following  facts: 

There  are  among  bacteria  some  which  are  easily  stained  and  others 
which  are  only  stained  with  difficulty.  To  the  latter  belong,  for 
example,  the  tubercle  bacillus  and  lepra  bacillus,  also  spores  and 
flagella.  The  difference  between  them  is  that  the  easily  stained 
objects  require  but  a  minimimi  of  time  to  be  immersed  in  a  watery 
solution,  while  the  others  must  be  stained  by  special  dyes  with  or  with- 
out the  aid  of  outside  influences  (heat,  mordants,  etc.).  The  dif- 
ficultly stained  objects  are  at  the  same  time  not  easily  decolorized. 
The  explanation  of  the  resistance  which  these  bacteria  show  to  stain- 
ing as  well  as  to  decolorizing  agents  is  to  be  sought  in  two  ways: 
either  on  the  assumption  that  they  possess  a  difficultly  permeable  or 
resisting  envelope,  or  that  they  have  a  special  chemical  constitution. 
The  latter  hypothesis  holds  good  only,  if  at  all,  in  regard  to' flagella 
and  spores;  while  the  assumption  of  the  resisting  envelope  has  ref- 
erence more  particularly  to  the  tubercle  bacillus,  and  is  probably 
correct.  The  presence  of  fatty  and  waxy  bodies  in  the  envelope  of 
these  microorganisms  is  capable  of  demonstration.  Moreover,  after 
extraction  of  these  bodies  by  ether  the  tubercle  bacillus  loses  its 
power  of  resisting  acids,  which  peculiar  resistance  can  also  be  arti- 
ficially produced  in  other  bacteria  having  normally  no  such  resisting 
power.  In  many  instances,  doubtless,  both  of  these  causes,  viz., 
resistant  envelope  and  chemically  different  constitution,  work  to- 
gether to  produce  the  above-mentioned  results. 

Individual  differences  in  acid  resistance  among  the  difficultly 
stained  bacteria  have  been  observed  in  tubercle  bacilli ;  according  to 
Ziehl  and  Ehrlich  those  having  less  individual  resistance  are  prob- 
ably the  younger  members.  Individual  differences  in  staining,  in 
the  easily  stained  bacteria,  have  also  been  noticed;  for  example, 
cholera  vibrios  and  allied  species  are  best  stained  with  fuchsin,  not 
so  well  with  methylene  blue,  etc. 

The  relation  between  staining  and  degeneration  of  bacteria  is  a 
complicated  question.  Decrease  of  staining  power  takes  place  dur- 
ing degeneration  of  the  bacterial  cell,  but  it  is  often  difficult  to  deter- 
mine the  exact  moment  when  this  loss  of  power  occurs.  Degener- 
ated forms  of  the  cholera  bacillus  from  the  abdominal  cavity  of 
guinea-pigs  thus  soon  lose  their  power  of  staining  in  methylene-blue 
solution,  but  stain  well  in  diluted  carbol  fuchsin.  Moreover,  bac- 
teria killed  by  drying  and  moderate  heating,  as  in  the  preparation 
of  films,  retain  their  power  of  staining.  Kitasato  found  dead  tuber- 
cle bacilli  in  sputum  which  took  on  normal  staining.  Bacteria 
killed  by  chloroform,  formalin,  etc.,  still  retain  their  staining  prop- 
erties intact. 

EkH5tive  staining  properties,  whereby  certain  species  of  bacteria 
are  exclusively  or  rapidly  and  intensely  stained  by  certain  dyes,  have 
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repeatedly  been  observed.  Of  the  greatest  practical  importance  in 
this  respect  is  the  Oram  stain  used  for  the  differential  diagnosis  of 
many  species  of  bacteria;  although  a  distinct  classification  of  bac- 
teria into  those  which  are  stained  and  those  which  are  not  stained 
by  Gramas  solution  has  been  shown  to  be  impracticable.  There  are 
some  bacteria,  however,  which  act  uniformly  toward  Gram  under  all 
conditions;  as,  for  example,  the  anthrax  bacillus  and  the  pyogenic 
cocci  are  always  positive,  the  cholera  and  plague  bacilli  and  gono- 
cocci  are  always  negative  to  Gram.  Other  species  again  are  at  one 
time  stained  and  at  another  decolorized  by  Gram;  thus  pyocyaneus 
is  stained  only  in  young  individuals.  Previous  heating  or  extrac- 
tion with  ether,  according  to  Nikitine,  does  not  prevent  the  action 
of  Gram's  stain,  but  treatment  with  acids  or  alkalies  renders 
it  impossible.  Bacteria  so  treated,  however,  after  one  hour's  im- 
mersion in  Loeffler's  mordant  regain  their  property  of  staining 
with  Gram. 

As  to  the  nature  of  Gram's  staining  solution  it  may  be  mentioned 
that  only  the  pararosanilines  (gentian  violet^  methyl  violet,  and 
Victoria  blue)  are  suitable  for  the  purpose,  whereas  the  rosanilines 
(fuchsin  and  methylene  blue)  give  negative  results.  The  reason  for 
this  is  that  the  iodine  oompoimds  with  the  pararosanilines  are  fast 
colors,  while  those  with  the  rosanilines  are  unstable.  These  latter 
compounds  when  treated  with  alcohol  break  up  into  their  constitu- 
ents, the  iodine  is  washed  out,  and  the  dye  substance  remaining  in 
the  tissues  stain  them  uniformly,  that  is,  without  differentiation. 
But  iodine-pararosaniline  compoimds  are  not  thus  broken  up  and 
consequently  stain  those  portions  of  the  tissue  more  or  less,  accord- 
ing to  the  affinity  which  they  have  for  the  dye  substance.  The  parts 
stained  by  Gram  are  thus  distinguished  from  those  stained  violet, 
not  only  quantitatively,  but  qualitatively;  it  is  not  a  gentian  violet 
but  an  iodine-pararosaniline  staining  which  occurs. 

Use  of  Mordants  and  Decoloriiiiig  Agents. — ^We  have  already 
noted  that  the  protoplasm  of  unrelated  bacteria  may  respond  differ- 
ently to  the  several  dyes.  There  is,  however,  seldom  any  difficulty 
in  selecting  a  dye  which  will  stain  sufficiently  to  make  pure  cultures 
of  the  bacterial  cells  distinctly  visible.  When  the  bacteria  are  em- 
bedded in  tissue  or  mixed  in  a  film  with  blood  or  pus  it  is  frequently 
difficult  to  prevent  the  stain  from  so  acting  on  the  tissue  or  pus 
elements  as  to  obscure  the  bacteria.  Various  methods  are  then 
employed  to  stain  the  bacteria  more  intensely  than  the  tissues  or  to 
decolorize  the  tissue  more  than  the  bacteria.  Heating,  the  addition 
of  alkali  to  the  staining  fiuid  and  prolonging  the  action  of  the  dyes 
increase  the  staining  of  the  bacteria.  We  regulate  these  so  as  to 
give  the  best  results.  We  also  use  mordants,  that  is  substances  which 
fix  the  dye  to  the  bacterial  cell,  such  as  aniline  oil  or  solutions  of 
carbolic  acid  and  metallic  salts.  As  decolorizing  agents  we  use 
chiefly  mineral  acids,  vegetable  acids,  alcohol  and  various  oils. 
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Formnle  of  the  Most  Oommonly  Used  Stain  Oombinatioiui — 

Loeffleb's  Alkalhste  Methyi^ene-blue  Solution. — This  consists 
of  concentrated  alcoholic  solution  of  methylene  blue,  30  c.c. ;  caustic 
potash  in  a  0.01  per  cent,  solution,  100  ca  The  alkali  not  only 
makes  the  cell  more  permeable,  but  also  increases  the  staining  power 
by  liberating  the  free  base  from  the  dye. 

Koch-Ehklioh  aniline-water  solution  of  fuchsin  or  gen- 
tian VIOLET  is  prepared  as  follows:  To  98  c.c.  of  distilled  water 
add  2  c.c.  aniline  oil,  or  more  roughly  but  with  equally  good  results, 
pour  a  few  cubic  centimeters  of  saturated  aniline  oil  into  a  test-tube, 
then  add  sufficient  water  nearly  to  fill  it.  In  either  case  the  mix- 
tures are  thoroughly  shaken  and  then  filtered  into  a  beaker  through 
moistened  filter-paper  until  the  filtrate  is  perfectly  clear.  To  75 
C.C.  of  the  filtrate  add  25  c.c.  of  the  concentrated  alcoholic  solution 
of  either  fuchsin,  methylene  blue,  or  gentian  violet,  or  add  the  alco- 
holic solution  until  the  aniline  water  becomes  opaque  and  a  film 
begins  to  form  on  the  surface. 

Carbolic  Fuchsin,  or  Ziehl's  Solution. — Distilled  water,  100 
cc. ;  carbolic  acid  (crystalline),  5  gm. ;  alcohol,  10  c.c. ;  fuchsin,  1 
gm. ;  or  it  may  be  prepared  by  adding  to  a  5  per  cent  watery  solu- 
tion of  carbolic  acid  the  saturated  alcoholic  solution  of  fuchsin  until 
a  metallic  lustre  appears  on  the  surface  of  the  fluid.  The  carbolic 
acid,  like  the  alkali,  favors  the  penetration  of  the  stain. 

The  last  two  methods,  combined  wilii  heating,  are  used  to  stain 
spores  and  certain  resistant  bacteria  intensely,  so  that  they  retain 
their  color  when  exposed  to  decolorizing  agents. 

Carbolic  methylene  blue,  first  used  by  Kiihne,  consists  of  1.5  gm. 
of  methylene  blue,  10  gm.  of  absolute  alcohol,  and  100  cc.  of  a  5 
per  cent,  solution  of  carbolic  acid.  Carbolic  thionin  consists  of  10 
parts  of  a  saturated  alcoholic  solution  of  thionin  and  100  parts  of  a 
1  per  cent,  solution  of  carbolic  acid. 

Gram's  Stain. — ^Another  differential  method  of  staining  which  is 
employed  is  that  known  as  Gramas  method.  In  this  method  the 
objects  to  be  stained  are  floated  on  or  covered  with  the  aniline  or 
carbolic  gentian-violet  solution  described  above.  After  remaining 
in  this  for  a  few  minutes  they  are  rinsed  in  water  and  then  immersed 
in  an  iodine  solution  (Lugol's),  composed  of  iodine,  1  gm. ;  potas- 
sium iodide,  2  gm. ;  distilled  water  300  c.c.  In  this  they  remain 
for  from  one  to  three  minutes  and  are  again  rinsed  in  water.  They 
are  then  placed  in  strong  alcohol  imtil  most  of  the  dye  has  been 
washed  out.  If  the  cover-glass  as  a  whole  still  shows  a  violet  color, 
it  is  again  treated  with  the  iodine  solution,  followed  by  alcohol,  and 
this  is  continued  until  no  trace  of  violet  color  is  visible  to  the  naked 
eye.  They  may  then  be  washed  in  water  and  examined,  or  a  con- 
trasting color  of  eosin,  fuchsin,  carmine,  or  Bismarck  brown  may 
be  given  them  by  inserting  them  in  weak  solutions  of  these  dyes  for 
a  few  minutes.  This  method  is  useful  in  demonstrating  the  capsule 
which  is  seen  to  surround  some  bacteria — particularly  the  pneumo- 
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COCCUS — and  also  in  differentiating  between  varieties  of  bacteria,  for 
some  do  and  others  do  not  retain  their  stain  when  put  in  the  iodine 
solution  for  a  suitable  time. 

Staming  of  Capsules. — Many  methods  of  demonstrating  the  cap- 
sule have  been  devised.  Two  only  will  be  given  here.  The  glacial 
acetic  acid  method,  as  described  by  Welch,  is  as  follows:  1.  Cover 
the  preparation  with  glacial  acetic  acid  for  a  few  seconds.  2.  Drain 
off  and  replace  with  aniline  gentian-violet  solution;  this  is  to  be 
repeatedly  added  until  all  the  acid  is  replaced.  3.  Wash  in  1  to  2 
per  cent,  solution  of  sodium  chloride  and  mount  in  the  same. 

Hiss'  Copper  Sulphate  Method. — The  organisms  are  grown,  if 
possible,  on  ascitic  fluid  or  serum  media.     If  not,  spread  the  organ- 
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isms  on  the  cover-glass  by  mixing  with  a  drop  of  serum,  or,  better, 
a  drop  of  one  of  the  diluted  serum  media.  Dry  in  the  air  and  fix 
by  heat 

The  capsules  are  stained  by  the  following  method:  A  5  per  cent, 
or  10  per  cent,  aqueous  solution  of  gentian  violet  or  fuchsin  (5  c.c. 
saturated  alcoholic  solution  gentian  violet  to  95  c.c.  distilled  water) 
is  used.  This  is  placed  on  the  dried  and  fixed  cover-glass  prepara- 
tion and  gently  heated  for  a  few  seconds  imtil  steam  arises.  The 
dye  is  washed  off  with  a  20  per  cent,  solution  of  copper  sulphate 
(crystals).  The  preparation  is  then  placed  between  filter-paper  and 
thoroughly  dried. 

Staining  Spores. — We  have  already  noted  that  during  certain 
stages  in  the  growth  of  a  number  of  bacteria  spores  are  formed  which 
refuse  to  take  up  color  when  the  bacteria  are  stained  in  the  ordinary 
manner.     Special  methods  have  been  devised  for  causing  the  color 
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to  penetrate  through  the  resistant  spore  membrane.  In  the  simplest 
method  a  coverslip  after  having  been  prepared  in  the  usual  way  is 
covered  with  Ziehl's  carbolic  fuchsin  solution  and  held  over  the  Bun- 
sen  flame  until  the  fluid  steams.  This  is  continued  for  one  or  two 
minutes.  It  is  then  washed  and  dipped  in  a  decolorizing  acid  solu- 
tion, such  as  a  2  per  cent,  alcoholic  solution  of  nitric  acid,  or  a  1 
per  cent,  solution  of  sulphuric  acid  in  water,  until  all  visible  color 
has  disappeared,  then  it  is  washed  off  and  dipped  for  one-half  minute 
in  a  saturated  watery  solution  of  methylene  blue.  The  bacilli  will 
then  be  blue  and  the  spores  red.  Sometimes,  however,  the  spores 
refuse  to  take  the  stain  in  this  manner.  We  then  can  adopt  Moel- 
ler's  method,  which  is  designed  still  further  to  favor  the  penetration 
of  the  coloring  matter  through  the  spore  membrane.  The  prepared 
cover-slip  is  held  for  two  minutes  in  chloroform,  then  washed  off  in 
water,  then  placed  from  one-half  to  three  minutes  in  a  5  per  cent, 
solution  of  chromic  acid,  again  washed  off  in  water,  and  now  stained 
by  adding  to  it  carbolic  fuchsin,  which  is  steamed  for  several  min- 
utes. The  staining  fluid  is  then  washed  off  and  the  preparation 
decolorized  in  a  3  per  cent  solution  of  hydrochloric  acid  or  a  5  per 
cent,  solution  of  sulphuric  acid.  The  preparation  is  finally  stained 
for  a  minute  in  methylene-blue  solution.  The  spores  will  be  red  and 
the  body  of  the  cells  blue.  The  different  spores  vary  greatly  in  the 
readiness  with  which  they  take  up  the  dyes,  and  we  have,  therefore, 
to  experiment  with  each  variety  as  to  the  length  of  time  it  should 
be  exposed  to  the  maceration  of  the  chromic  acid.  Even  under  the 
best  conditions  it  is  almost  impossible  to  stain  some  spores. 

Staming  Flagella. — ^For  the  demonstration  of  flagella,  which  are 
possessed  by  all  motile  bacteria,  we  are  indebted  to  Loeffler.  The 
staining  of  flagella  satisfactorily  is  one  of  the  most  difficult  of  bac- 
teriological procedures.  Special  stains  devised  by  him,  by  Van 
Ermengera,  by  Pitfield,  and  others  are  employed.  In  all  methods 
young  (twelve  to  eighteen-hour)  cultures  on  agar  should  be  chosen. 
A  little  of  the  culture  is  carefully  removed  and  placed  in  a  few  drops 
of  filtered  tap  water.  A  tiny  drop  of  this  rather  thin  emulsion  is 
allowed  to  spread  with  as  little  manipulation  as  possible  over  the 
cover-glass. 

Bunge's  modification  of  Loeffler's  method  is  carried  out  as  follows : 
Cover-glasses  which  have  been  most  carefully  cleaned  are  covered  by 
a  very  thin  smear.  After  drying  in  the  air  and  passing  three  times 
through  the  flame  the  smear  is  treated  with  a  mordant  solution, 
which  is  prepared  as  follows:  To  3  parts  of  saturated  watery  solu- 
tion of  tannin  add  1  part  of  a  25  per  cent,  solution  of  ferric  chloride. 
This  mordant  should  be  allowed  to  stand  for  several  weeks  before 
using.  After  preparing  the  cover-slip  with  all  precautions  necessary 
to  cleanliness,  the  filtered  mordant  is  allowed  to  act  cold  for  five 
minutes,  after  which  it  is  warmed  and  then  in  one  minute  washed 
off.     After  dryingi    the  smear   is   stained  with  the  carbol-fuchsin 
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solution  or  carbol-gentian  violet,  and  then  washed,  dried,  and 
mounted. 

Frequently  the  flagella  appear  well  stained,  but  often  the  process 
has  to  be  repeated  a  number  of  times.  Overheating  of  the  film  pre- 
vents the  staining  of  the  flagella. 

Van  Ermengem's  method  gives  good  results. 

Examination  of  Bacteria  in  Tissues. — Occasionally  it  is  of  impor- 
tance to  examine  the  bacteria  as  they  occur  in  the  tissues  themselves. 
The  tissues  should  be  obtained  soon  after  death,  so  as  to  prevent  as 
much  as  possible  post-mortem  changes,  with  consequent  increase  or 
decrease  in  the  number  of  bacteria.  Selected  pieces  of  tissues  can 
be  frozen  by  ether  or  carbon  dioxide  and  sections  cut,  but  the  best 
results  are  obtained  when  the  material  is  embedded  in  celloidin  or, 
better  still,  in  paraffin.  From  the  properly  selected  spots  small  por- 
tions, not  thicker  than  one-quarter  of  an  inch,  are  removed  and 
placed  in  absolute  alcohol  for  one  or  two  days  if  less  than  one-eighth 
inch  thick,  and  longer  if  thicker.  For  the  larger  pieces  it  is  better 
to  diange  the  alcohol  after  twenty-four  hours.  The  pieces  of  tissue 
should  be  kept  from  falling  to  the  bottom  as  the  higher  layers  of 
alcohol  remain  nearer  absolute.  If  along  with  the  bacteria  one 
wishes  to  study  the  finer  structure  of  the  tissue,  it  is  necessary  to 
employ  formalin  or  corrosive  sublimate  as  a  fixative.  The  tissue  is 
put  in  4  to  10  per  cent,  formalin  solution  for  three  to  twenty-four 
hours,  and  then  in  alcohol.  Corrosive  sublimate  [saturated,  solu- 
tion] in  0.75  per  cent  sodium  chloride  solution  is  also  an  excellent 
fixing  agent.  Dissolve  the  sublimate  in  the  salt  solution  by  heat, 
allow  it  to  cool ;  the  separation  of  crystals  will  show  that  saturation 
is  complete.  For  pieces  of  tissue  one-eighth  inch  in  thickness  four 
hours'  immersion  is  sufficient,  for  larger  twenty-four  hours  may  be 
necessary.  They  should  then  be  placed  in  pieces  of  gauze  and  left 
in  running  water  for  from  twelve  to  twenty-four  hours,  according  to 
the  size  of  the  pieces,  to  wash  out  the  excess  of  sublimate.  They  are 
then  placed  for  twenty-four  hours  in  each  of  the  following  strengths 
of  methylated  spirit  (free  from  naphtha)  :  30  per  cent.,  60  per 
cent,  and  90  per  cent  Finally  they  are  placed  in  absolute  alco- 
hol for  twenty-four  hours  and  are  then  ready  to  be  prepared  for 
cutting  according  to  the  usual  histologic  methods.  The  paraffin 
sections  of  tissue  having  been  prepared  and  cut,  they  are  ready  for 
staining. 

Loeffler's  Method. — The  section  is  placed  in  Loeffler's  alka- 
line methylene-blue  solution  for  5  to  30  minutes,  then  placed  for  a 
few  seconds  in  1  per  cent  acetic  acid.  It  is  then  placed  in  absolute 
alcohol,  xylol,  and  Canada  balsam.  The  number  of  seconds  during 
which  the  preparation  remains  in  the  acetic  acid  must  be  tested  by 
trials.  The  bacteria  should  be  dark  blue,  the  nuclei  blue,  and  the 
cell  bodies  light  blue. 

Thionin  solution,  carbol-fuchsin  solution,  and  gentian  violet  can 
be  used  instead  of  Loeffler's  methylene  blue.  Gram's  method,  with 
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3  per  cent  hydrochloric  acid  in  alcohol  as  a  tissue  decolorizer  for 
ten  seconds,  is  also  valuable. 

Preservation  of  Spedmens.^ — ^Dry  unstained  or  stained  prepara- 
tions of  bacteria  keep  indefinitely,  but  if  mounted  in  Canada  balsam, 
cedar  oil,  or  dammar  lac  they  tend  to  gradually  fade,  although  many 
preparations  may  be  preserved  for  many  months  or  years. 

THE  MICBOSCOPE  AND  THE  MICBOSCOPIO  EXAMINATION 

OF  BAOTEBIA. 

Different  Parts  of  the  Microscope. — ^A  complete  instrument  usu- 
ally has  four  oculars,  or  eye-pieces  (A),  which  are  numbered  from 
1  to  4,  according  to  the  amount  of  magnification  which  they  yield. 
Numbers  2  and  4  are  most  useful  for  bacteriological  work.  The 
objective — ^the  lens  at  the  distal  end  of  ihe  barrel — serves  to  give 
the  main  magnification  of  the  object  For  stained  bacteria,  the 
iSr  achromatic  oil-immersion  lens  is  regularly  employed;  for  pho- 
tographic purposes  the  apochromatic  lenses  are  needed,  although 
even  here  they  are  not  indispensable.  A  t^  may  at  times  be  useful, 
but  hardly  necessary ;  a  No.  4  ocular  and  a  ^  lens  give  a  magnifica- 
tion of  about  1000  diameters  (Fig.  55).  For  unstained  bacteria 
we  employ  either  the  lAr  immersion  or  y  dry  lens,  according  to  the 
purpose  for  which  we  study  the  bacteria;  for  the  examination  of 
colonies  where,  as  a  rule,  we  do  not  wish  to  see  individual  bacteria, 
but  only  the  general  appearance  of  whole  groups,  we  use  lenses  of 
much  lower  magnification  (Fig.  56). 

The  stage  C — ^the  platform  upon  which  the  object  rests — should 
be  large  enough  to  support  the  Petri  plates  if  culture  work  is  to  be 
done.  The  distance  between  the  optical  axis  of  the  instrument  and 
the  pillar  must  be  great  enough  to  permit  one  to  examine  rather 
more  than  half  the  surface  of  the  Petri  dish  without  revolving  it. 
The  iris  diaphragm  D,  which  is  now  regularly  used  in  bacteriolog- 
ical work,  opens  and  closes  like  the  iris  of  the  eye,  and  so  controls 
the  amount  of  light  Its  opening  is  diminished  or  increased  by 
moving  a  small  arm,  which  is  underneath  the  stage,  in  one  or  another 
direction.  The  reflector  or  mirror  placed  beneatii  the  stage  serves 
to  direct  the  light  to  the  object  to  be  examined.  It  has  two  surfaces 
— one  concave  and  one  convex.  The  convex  surface  must  not  be 
employed  when  the  substage  condenser  is  being  used,  otherwise  the 
rays  of  light  reaching  the  stage  from  the  condenser  will  not  be 
sharply  focused.  The  coarse  adjustment  F  is  the  rack-and-pinion 
arrangement  by  which  the  barrel  of  the  microscope  can  be  quickly 
raised  or  lowered.  It  is  used  to  bring  the  bacteria  roughly  into 
focus.  If  the  bearings  become  loose  tighten  the  little  screws  at  the 
back  of  the  pinion  box.  Keep  the  teeth  clean.  If  the  bearings  need 
oiling  use  an  acid-free  lubricant,  such  as  paraffin  oil.  The  fine 
adjustment  G  serves  to  raise  and  lower  the  barrel  very  slowly  and 
evenly,  and  is  used  for  the  exact  study  of  the  bacteria  when  high- 
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power  lenses  are  used.  It  is  necessarily  of  limited  range  and  deli- 
cate in  its  mechanism.  If,  when  looking  into  the  eye-piece,  no 
change  of  focus  is  noticed  by  turning  the  micrometer  head,  or  if  the 
micrometer  head  ceases  to  turn,  the  adjustment  has  reached  its  limit. 
Eaise  the  barrel  of  the  microscope  by  means  of  the  coarse  adjust- 
ment, then  turn  the  micrometer  back  to  bring  the  fine  adjustment 
midway  within  its  range.     When  the  fine  adjustment  head  stops  do 
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not  force  it.  For  the  microscopic  study  of  bacteria  it  is  essential 
that  we  magnify  the  bacteria  as  much  as  possible  and  still  have  their 
definition  clear  and  sharp.  It  is  essential,  therefore,  that  the  micro- 
scope be  provided  with  an  oil-immersion  system  and  a  substage  con- 
densing apparatus.  In  using  the  oil-immersion  lens  a  drop  of  oil 
(oil  of  cedar)  of  the  same  index  of  refraction  as  the  glass  is  placed 
upon  the  face  of  the  lens,  so  as  to  connect  it  with  the  cover-glass  when 
the  bacteria  are  in  focus.     There  is  thus  no  loss  of  sight  through 
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deflection,  as  is  the  case  in  the  dry  system.  If  the  lenses  become 
dirty  they  should  be  wiped  gently  with  Japanese  lens  paper  or  a 
clean,  soft,  old-linen  handkerdbief.     If  necessary  breathe  on  the  lens 

Fio.  55  Pio.  66 


Anthrax  bacilli  and  blood  cells.  Colonies  of  diphtheria  bacilli. 

X  1000  diameters.  x  200  diameters. 

before  wiping,  and  if  this  does  not  succeed  use  a  little  xylol  or  chloro- 
form. These  substances  are  not  to  be  used  unless  necessary.  An 
immersion  objective  should  always  be  cleaned  immediately  after 
using.  The  objective  should  always  be  kept  covered  so  as  to  prevent 
dust  dropping  in. 

Light. — The  best  light  is  obtained  from  white  clouds  or  a  blue  sky 
with  a  northern  exposure.  Avoid  direct  sunlight.  If  necessary  use 
white  shades  to  modify  the  simlight.  Artificial  light  has  one  advan- 
tage over  daylight  in  that  it  is  constant  in  quality  and  quantity. 
The  Welsbach  burner  and  a  whitened  incandescent  bulb  give  a  good 
light.  A  blue  glass  between  the  artificial  light  and  the  lens  is  often 
of  value.     An  eye-shade  is  often  helpful. 

Substage  Condensing  Apparatus  H  is  a  system  of  lenses  situated 
beneath  the  central  opening  of  the  stage.  It  serves  to  condense  the 
light  passing  through  the  reflector  to  the  object  in  such  a  way  that 
it  is  focused  upon  the  object,  thus  furnishing  the  greatest  amount  of 
luminosity.  Between  the  condenser  and  the  reflector  is  placed  an 
adjustable  diaphragm,  the  aperture  of  which  can  be  regulated,  as 
circumstances  require,  to  permit  of  either  a  very  small  or  a  very 
large  amount  of  light  passing  to  the  object. 

Focusing. — Focus  the  body  tube  down  by  means  of  the  coarse 
adjustment  until  the  objective  approaches  very  near  to  the  cover- 
glass,  being  careful  not  to  touch  it.  Then  with  the  eye  at  the  eye- 
piece focus  up  carefully  with  the  coarse  adjustment  until  the  speci- 
men comes  plainly  into  view.  Be  careful  not  to  pass  by  this  focal 
point  without  noticing  it.  This  is  likely  to  occur  if  the  light  be  too 
intense  and  the  specimen  thin  and  transparent.     If  the  sliding  tube 
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coarse  adjustment  is  used,  focus  carefully  by  giving  the  tube  a 
spiral  movement 

When  the  object  is  brought  fairly  well  into  focus  by  means  of  the 
coarse  adjustment,  use  the  fine  adjustment  to  focus  on  the  particular 
spot  desired,  for  if  this  spot  is  in  the  centre  of  the  field  of  the  low 
power  it  will  be  somewhere  in  the  field  of  the  higher  power.  It  is 
too  much  to  ask  of  the  maker  that  the  lenses  be  made  absolutely 
parfocal  and  centred.  The  delicacy  of  ihe  centring  can  be  appre- 
ciated when  the  magnification  and  the  extremely  small  portion  ex- 
amined are  considered.  When  the  objectives  are  not  thus  fitted  to 
the  nose-piece,  refocusing  and  again  hunting  up  the  object  are  neces- 
sary. In  so  doing  we  repeat  the  caution  always  to  focus  up  before 
tuiming  the  nose-piece.  When  no  revolving  nose-piece  is  used  the 
change  of  objectives  means  the  imscrewing  of  one  and  the  screwing 
of  the  other  into  its  place,  and  refocusing. 

The  beginner  should  always  use  the  low-power  objectives  and  ocu- 
lars first.  The  low-power  objectives  have  longer  working  distances 
and  are  not  so  apt  to  be  injured.  They  always  show  a  larger  por- 
tion of  the  specimen  and  thus  give  one  a  better  idea  of  the  general 
contour.  After  obtaining  this  general  i^ea  the  higher  powers  can 
be  used  to  bring  out  greater  detail  in  any  particular  part  Gener- 
ally speaking,  it  is  best  to  use  a  high-power  objective  and  low-power 
eye-piece  in  preference  to  a  low-power  objective  and  high-power  eye- 
piece. In  the  latter  case  any  imperfections  in  the  objective  are  mag- 
nified unduly  by  the  eye-piece,  giving  as  a  rule  poor  definition. 

Tnbe  Length  and  Cover-glass. — All  objectives  are  corrected  to  a 
certain  tube  length  (160  nma.  by  most  makers — Leitz,  170  mm.) 
and  all  objectives  in  fixed  mounts  of  over  0.70  N.  A.  are  corrected 
to  a  definite  thickness  of  cover-glass  as  well  (Zeiss,  0.15  mm.,  0.20 
mm.;  Leitz,  0.17  mm.;  Bausch  &  Lomb  and  Spencer,  0.18  mm.). 
These  objectives  give  their  best  results  only  when  used  with  the 
cover-glass  and  tube  length  for  which  they  are  corrected.  As  indi- 
cated in  Fig.  53  the  tube  length  extends  from  the  eye  lens  of  the 
eye-piece  to  the  end  of  the  tube  into  which  the  objective  or  nose- 
piece  is  screwed.  If  a  nose-piece  is  used  the  draw  tube  must  be 
correspondingly  shortened.  If  the  cover-glass  is  thinner  than  that 
for  which  the  objective  is  corrected,  the  tube  must  be  lengthened  to 
obtain  best  results ;  if  thicker,  shortened. 

The  more  expensive  objectives  are  provided  with  adjustable 
mounts  by  which  the  distances  between  the  lens  systems  may  be 
changed  to  compensate  for  difference  of  thickness  of  cover.  They 
are  successfully  used  only  in  the  hands  of  an  expert  One  of  them 
out  of  adjustment  is  worse  than  an  ordinary  objective. 

Examination  of  Bacteria  in  the  Hanging  Drop. — It  is  often  valu- 
able to  observe  bacteria  alive,  so  as  to  study  them  under  natural  con- 
ditions. We  can  thus  note  the  method  and  rate  of  their  multiplica- 
tion, the  presence  or  absence  of  spore  formation,  and  their  motility 
in  fluids  and  their  agglutination  with  specific  serums.     For  this 
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special  slides  and  methods- are  desirable.  The  usual  form  is  one  in 
which  there  is  groimd  out  on  one  surface  a  hollow  having  a  diameter 
of  about  half  an  inch   (Fig.   57).     According  to  the  purpose  for 
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which  the  hanging  drop  is  to  be  studied,  sterilization  of  the  slide  and 
cover-glass  may  or  may  not  be  necessary.  The  hanging  mass  or  block 
has  already  been  described.  The  technique  of  preparing  and  study- 
ing the  hanging  drop  is  as  follows :  The  surface  of  the  glass  around  the 
hollow  in  the  slide  is  smeared  with  a  little  vaselin  or  other  inert  sub- 
stance. This  has  for  its  purpose  both  the  sticking  of  the  cover-glass 
to  the  slide  and  the  prevention  of  evaporation  in  the  drop  placed  in 
the  little  chamber,  which  is  to  be  formed  between  the  cover-glass 
when  placed  over  the  hollow,  and  the  slide. 

For  the  purpose  of  studying  the  bacteria  we  place,  if  they  are  in 
fluids,  simply  a  large  platinum  loopf  ul  upon  the  centre  of  the  cover- 
glass  and,  to  avoid  drying,  immediately  invert  it  by  means  of  a 
slender  pair  of  forceps  over  the  hollow  in  the  slide,  being  very  care- 
ful to  have  the  drop  over  the  very  centre  of  the  cover-glass.  The  cover- 
glass  is  then  pressed  on  the  slide  so  as  to  spread  the  vaselin  and 
make  a  perfect  seal.  If  the  bacteria,  on  the  contrary,  are  grow- 
ing on  solid  media,  or  are  obtained  from  thick  pus  or  tissues  from 
organs,  they  are  mixed  with  a  suitable  amount  of  bouillon  or  sterile 
physiological  salt  solution  either  before  or  after  being  placed  upon 
the  cover-glass.  If  we  wish  to  observe  the  bacteria  under  natural 
conditions  we  must  keep  the  tiny  drop  of  fluid  at  the  proper  tempera- 
ture for  the  best  growth  of  the  bacteria.  If,  however,  we  simply 
wish  to  observe  their  form  and  arrangement  this  is  not  necessary. 

In  the  study  of  living  bacteria  we  often  wish  to  observe  their 
grouping  and  motion  rather  than  their  individual  characters,  and  so 
use  less  magnification  than  for  stained  bacteria.  In  studying  un- 
stained bacteria  and  tissues  we  shut  off  as  large  a  portion  of  the 
light  with  our  diaphragm  as  is  compatible  with  distinct  vision,  and 
thus  favor  contrasts  which  appear  as  lights  and  shadows,  due  to  the 
differences  in  light  transmission  of  the  different  materials  under 
examination.  It  is  necessary  to  remember  that  they  are  seen  with 
difficulty,  and  that  we  are  very  apt,  unless  extremely  careful  in 
focusing,  to  allow  the  lens  to  go  too  far,  and  so  come  upon  the  cover- 
glass,  break  it,  destroy  our  preparation,  and,  if  examining  parasitic 
bacteria,  infect  the  lens.  This  may  be  avoided  by  first  finding  the 
hanging  drop  with  a  low-power  lens  and  thus  exactly  centre  it  The 
lens  of  higher  magnification  is  now  very  gradually  lowered,  while 
at  the  same  time  gently  moving  the  slide  back  and  forth  to  the  slight- 
est extent  possible  wili  the  left  hand.     If  any  resistance  is  felt  the 
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lens  should  be  raised,  for  it  has  gone  beyond  the  point  of  focus  and 
is  touching  the  cover-glass. 

Testing  Agglutinative  Properties  of  Serum. — By  agglutination  is 
meant  the  aggregation  into  clumps  of  imiformly  disposed  bacteria 
in  a  fluid ;  by  sedimentation  the  formation  of  a  deposit  composed  of 
such  clumps  when  the  fluid  is  allowed  to  stand;  sedimentation  is 
thus  the  naked-eye  evidence  of  agglutination. 

The  blood  serum  of  animals  is  found  to  acquire  the  clumping 
power  for  almost  every  variety  of  motile  bacteria,  and  for  many  non- 
motile  forms  after  infection  with  that  variety. 

The  agglutinins  were  discovered  by  Gruber  and  Durham.  Their 
effect  on  bacteria  can  be  observed  either  macrosoopically  or  micro- 
scopically. For  example,  if  a  serum  from  an  animal  which  has 
passed  through  a  typhoid  infection  is  added  to  a  twenty-four-hour 
culture  of  typhoid  bacilli,  and  the  mixture  placed  in  a  thermostat, 
the  following  phenomenon  will  be  noticed :  The  bacteria,  which  pre- 
viously clouded  the  bouillon  imiformly,  clump  together  into  little 
masses,  settle  to  the  sides  of  the  test-tube,  and  gradually  fall  to  the 
bottom  until  the  fluid  is  almost  entirely  clear.  In  a  control  test, 
on  the  contrary,  to  which  no  active  serum  is  added  the  fluid  remains 
uniformly  cloudy.  The  reaction  is  completed  in  from  one  to  twelve 
hours.  If  the  reaction  is  observed  in  a  hanging  drop,  a  gradual 
formation  of  clumps  is  seen.  Frequently  one  sees  bacteria  which 
have  recently  joined  a  group  make  violent  motions  as  though  they 
were  attempting  to  tear  themselves  away;  then  they  gradually  lose 
their  motility  completely.  Even  the  larger  groups  of  bacteria  may 
exhibit  movement  as  a  whole.  After  not  more  than  one  or  two 
hours  the  reaction  is  completed;  in  place  of  the  bacteria  moving 
quickly  across  the  field,  one  sees  one  or  several  groups  of  absolutely 
immobile  bacilli.  Now  and  then  in  a  number  of  preparations  one 
sees  a  few  separate  bacteria  still  moving  about  among  the  groups. 
If  the  reaction  is  feeble,  either  because  the  immune  serum  has  been 
highly  diluted  or  because  it  contains  very  little  agglutinin,  the 
groups  are  small  and  one  finds  comparatively  many  isolated  and 
j)erhaps  also  moving  bacteria.  It  is  essential  each  time  to  make  a 
control  test  of  the  same  bacterial  culture  without  the  addition  of 
serum.  Under  some  circumstances  the  reaction  proceeds  with  ex- 
traordinary rapidity,  so  that  the  bacilli  are  clumped  almost  imme- 
diately. By  the' time  the  microscopic  slide  has  been  prepared  and 
brought  into  view,  nothing  is  to  be  seen  of  any  moving  or  isolated 
bacteria,  and  only  by  means  of  the  control  test  is  it  possible  to  tell 
whether  the  culture  possessed  normal  motility. 

In  order  to  help  the  student  thoroughly  to  understand  what  com- 
prises a  reaction,  Wilson  prepared  a  set  of  drawings,  which  are  here 
reproduced.  The  culture  to  be  tested  should  be  of  about  twenty 
hours'  growth,  either  in  bouillon  or  on  agar.  If  on  the  latter  a  sus- 
pension is  made  in  broth  or  normal  salt  solution.  A  loopful  of  the 
fluid  containing  the  bacteria  is  placed  on  the  cover-glass,  and  to  it 
an  equal  quantity  of  the  desired  serum  dilution  is  added. 
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In  making  the  hanging  drop  to  be  examined  it  is  necessary  to 
have  it  of  such  a  depth  that  it  will  show  at  least  three  focal  planes, 
otherwise  the  examination  will  be  incomplete  and  unsatisfactory. 


Fio.  58 


Fia.  69 


Microscopic  field,  showing  the  top  of  a      Microscopic  field,  showing  a  cross-section 
hanging  drop  In  a  normal  typhoid  culture.  of  the  drop  In  Fig.  58. 

The  moist  chamber  must  be  well  sealed  by  vaselin  so  as  to  prevent 
drying,  and  kept  at  a  temperature  of  at  least  20°  and  not  over 
35°  C. 

Fig.  58  shows  a  microscopic  field  of  the  top  of  a  hanging  drop 
of  a  normal  bouillon  culture  of  typhoid  bacilli.     The  culture  is 


Fio.  60 


Fig.  61 


Microscopic   field,   showing   the   top   of   a 
drop  with  the   typhoid  reaction. 


Microscopic  field,  showing  a  cross-section 
of  the  drop  in  Fig.  60. 


twenty  hours  old  and  the  organisms  are  freely  motile.  This  repre- 
sents the  control  drop  used  for  comparison  with  the  drop  of  the  same 
culture  to  which  has  been  added  a  little  of  the  blood  of  a  person 


MICB08C0PIC   METHODS. 


73 


suspected  to  have  typhoid.  Note  these  points  in  Fig.  58 :  the  organ- 
isms are  evenly  distributed  throughout  the  field,  except  at  the  edge 
of  the  drop,  where  they  are  gathered  in  great  numbers;  they  show 
great  activity  here,  seemingly  trying  to  crowd  to  the  very  edge. 
This  attraction  is  probably  due  to  the  action  exerted  on  the  organ- 
isms by  the  oxygen  in  the  air,  which  naturally  exerts  positive  diemo- 
taxis  on  all  aerobic  organisms. 

Fig.  59  shows  a  cross-section  of  the  drop  represented  in  Fig.  58, 
and  it  will  be  noticed  that  the  bacilli  are  evenly  distributed  through- 
out the  drop,  except  at  one  place  in  the  focal  plane  a,  and  again  in 
the  focal  plane  c. 

It  sometimes  happens  that  there  is  a  substance  adhering  to  a  sup- 
posedly clean  cover-glass  which  attracts  the  bacilli  to  that  point, 
where  they  appear  as  fairly  well-defined  clumps,  more  or  less  like 
the  true  clumps  due  to  the  agglutinating  substance  in  typhoid  blood. 
The  increase  in  organisms  at  the  bottom  of  the  drop  in  the  focal 
plane  c  is  easily  accounted  for  by  the  fact  that  gravity  naturally 
carries  the  dead  and  non-motile  organisms  to  the  bottom,  these  fre- 
quently assuming  the  character  of  clumps. 

If  a  field  can  be  found  in  any  focal  plane  of  the  hanging  drop  free 
from  clumps,  one  can  be  quite  sure  that  any  clumping  present  is 
not  due  to  any  agglutinating  substance  which  necessarily  will  aflFect 
organisms  in  every  focal  plane. 

Fig.  60  shows  the  microscopic  appearance  of  the  top  of  a  drop 
where  the  reaction  is  present.  Notice  first  that  the  organisms  have 
been  drawn  together  in  groups  and 
that  the  individuals  of  each  group 
appear  to  be  loosely  held  together. 
Viewed  under  the  microscope  these 
climips  are  practically  quiescent, 
there  being  very  little  movement 
either  of  the  individual  organisms 
or  of  the  clump  as  a  whole.  The 
edge  of  the  drop  is  practically  free 
from  organisms,  showing  that  the 
air  no  longer  exerts  any  influence 
on  them. 

Fig.  61  shows  a  cross-section  of 
the  hanging  drop  shown  in  Fig. 
60.  The  clumps  are  evenly  dis- 
tributed throughout  the  drop,  with 
perhaps  some  increase  in  the  num- 
bers and  compactness  of  the 
clumps  at  the  bottom. 

Fig.  62  shows  the  microscopic  appearance  of  the  top  of  a  hanging 
drop  of  a  bouillon  culture  to  which  has  been  added  some  blood  of  a 
patient  suffering  from  a  febrile  condition  not  caused  by  typhoid 
infection,  but  which  exerts  a  slight  non-specific  influence  on  the 


Fio.  62 


Microscopic  field,  sbowlng  the  top  of  n 
op  of  culti 
typhoid. 


drop  of  culture  with  reaction  not  due  to 
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Fig.  63 


typhoid  organisms.  It  will  be  seen  that  the  reaction  is  incomplete 
and  that  there  are  many  organisms  at  the  edge  of  the  drop.  The 
air  exerts  the  same  influence  on  the  bacilli  that  it  did  before  the 
addition  of  the  blood.  Note  the  character  of  the  clumps,  generally 
small  and  compact  at  the  centre,  with  the  bacilli  at  the  edge  of  the 
clump,  usually  attached  by  one  end  only. 

Very  frequently  these  clumps  have  the  appearance  of  being  built 
up  around  a  piece  of  detritus  present  in  the  clump.  All  the  organ- 
isms comprising  the  dump  seem 
to  have  retained  part,  at  least, 
of  their  motility,  those  on  the 
edges  being  particularly  motile, 
so  far  as  their  free  ends  are 
concerned. 

When  motility  is  very  much 

inhibited  these  clumps  have  a 

peculiar    trembling   movement, 

which    is    like    the    molecular 

movement  described  by  Brown. 

Fig.  63  shows  a  cross-section 

of  the  drop  represented  in  Fig.  62.     Note  the  same  character  of  the 

clumps  in  every  focal  plane :  the  large  number  of  motile  bacilli  and 

the  number  attracted  at  the  edge  of  the  drop  by  the  air. 

So-called  TTltramicroscopic  Examinations.. — ^^The  apparatus  con- 
structed by  Siedentopf  and  Zsigmondy^  makes  visible,  and  in  solu- 

FiG.  64 


Microscopic  field,  showing 
of  Fig.   62. 


a  cross-section 


Virulent  diphtheria  bacilli. 


Cultures  two  days  old. 
(After  Siebert.) 


Unstained,     x  2400. 


tions  otherwise  apparently  homogeneous,  very  minute  particles,  which 
heretofore  could  not  be  seen  even  with  the  highest  magnifications. 
Particles  smaller  than  half  a  micron  are  thus  rendered  visible. 
^Annalen  der  Physik,  4te  Folge,  Band  10. 
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This  increased  power  in  microscopic  analysis  is  made  possible  by 
focal  lateral  illumination  of  the  object  to  be  examined.  The  greater 
the  difference  between  the  refractive  index  of  the  particles  coUoidally 
dissolved  and  the  fluid  which  surrounds  them,  the  brighter  will  be 
the  appearance  of  the  particles,  and,  therefore,  the  more  readily  vis- 
ible. The  illumination  for  the  purpose  is  most  intense,  and  fur- 
nished by  an  electric  arc  lamp. 

The  microscopic  field,  as  will  be  seen  by  the  photogram  herewith, 
is  dark ;  the  objects  which  refract  the  light  show  as  brightly  illumi- 
nated, sharply  defined  pictures,  in  which  the  black  margin  corre- 
sponds to  the  contour  of  the  object.  The  illuminated  portion  is  sur- 
rounded by  a  fine  dark  zone,  this  in  turn  by  alternate  bright  and 
dark  zones,  in  which  the  illumination  rapidly  decreases. 

Reichert,  of  Vienna,  has  recently  simplified  this  apparatus  by 
devising  a  new  condenser  which  renders  ultramicroscopic  particles 
visible  on  the  principle  of  dark  ground  illumination.^  The  light 
which  illimiinates  the  object  has  a  greater  refraction  than  the  cone 
of  light  entering  the  objective  which  produces  the  image.  Its  ad- 
vantages over  the  first  method  are:  (1)  It  utilizes  the  source  of  light 
better;  (2)  any  dry  objective  can  be  used  without  alterations;  (3) 
small  particles  are  seen  without  the  disturbing  refraction  rings. 
With  this  apparatus  such  living  organisms  as  the  Spirocheta  pallida, 
which  can  scarcely  be  seen  by  ordinary  microscopes  on  account  of  its 
low  refractive  index,  may  be  demonstrated  with  great  clearness. 

'  Joum.  B.  Micr.  Soc.,  1907,  p.  364,  gives  full  description  and  instructions  for 
use. 


CHAPTEE   VII. 

VITAL  PHENOMENA  OF  BACTERIA— MOTION,  HEAT,  AND  LIGHT 
PRODUCTION— CHEMICAL  EFFECTS. 

Motility. — ^Many  bacteria  when  examined  under  the  microscope 
are  seen  to  exhibit  active  movements  in  fluids.  The  movements  are 
of  a  varying  character,  being  described  as  rotary,  undulatory,  sinu- 
ous, etc.  At  one  time  they  may  be  slow  and  sluggish,  at  another 
so  rapid  that  any  detailed  observation  is  impossible.  Some  bacteria 
are  very  active  in  their  movements,  different  individuals  progressing 
rapidly  in  different  directions,  while  with  many  it  is  difficult  to  say 
positively  whether  there  is  any  actual  motility  or  whether  the  organ- 
ism shows  only  molecular  movements — so-called  "  Brownian  "  move- 
ments or  pedesis — a  dancing,  trembling  motion  possessed  by  all  finely 
divided  organic  particles.  In  order  to  decide  definitely  with  re- 
gard to  the  motility  of  any  bacterial  preparation,  it  is  well  to  make 
two  hanging  drops.  To  one  five  per  cent  of  formalin  is  added, 
which  of  course  kills  the  organism.  If,  now,  the  live  culture  shows 
motility,  which  is  not  shown  by  the  killed  culture,  one  may  be  cer- 
tain that  one  is  dealing  with  a  motile  culture.  Very  young  cultures 
in  neutral  nutrient  bouillon  should  be  examined  at  a  temperature 
suitable  for  their  best  growth.  Not  all  species  of  bacteria  which 
have  flagella  exhibit  at  all  times  spontaneous  movements ;  such  move- 
ments may  be  absent  in  certain  culture  media  and  at  too  low  or  too 
high  temperatures,  or  with  an  insufficient  or  excessive  supply  of 
oxygen. 

Chemotaxis.^ — Some  chemical  substances  exert  a  peculiar  attrac- 
tion for  bacteria,  known  as  positive  chemotaxis,  while  others  repel 
them — negative  chemotaxis.  Moreover,  all  varieties  are  not  affected 
alike,  for  the  same  substances  may  exert  on  some  bacteria  an  attrac- 
tion and  on  others  a  repulsion.  Oxygen,  for  example,  attracts 
aerobic  and  repels  anaerobic  bacteria,  and  for  each  variety  there  is 
a  definite  proportion  of  oxygen,  which  most  strongly  attracts.  The 
chemotactic  properties  of  substances  are  tested  by  pushing  the  open 
end  of  a  fine  capillary  tube,  filled  with  the  substance  to  be  tested, 
into  the  edge  of  a  drop  of  culture  fiuid  containing  bacteria  and  exam- 
ining the  hanging  drop  under  the  microscope.  We  are  able  thus  to 
watch  the  action  of  the  bacteria  and  note  whether  they  crowd  about 
the  tube  opening  or  are  repelled  from  it  Among  substances  show- 
ing positive  chemotaxis  for  nearly  all  bacteria  are  peptone  and  urea,' 
while  among  those  showing  negative  chemotaxis  are  alcohol  and 
many  of  the  metallic  salts.  Such  experiments  are  of  course  rough. 
The  diffusion  of  the  substances  from  the  tube  into  the  surrounding 
medium  must  play  an  extremely  active  role  in  the  final  result. 

76 


VITAL   PHENOMENA    OF   BACTEBIA.  77 

Production  of  Light. — ^Bacteria  which  have  the  property  of  emit- 
ting light  are  quite  widely  distributed  in  nature,  particularly  in 
media  rich  in  salt,  as  in  sea-water,  salt  fish,  etc.  Many  of  these, 
chiefly  bacilli  and  spirilla,  have  been  accurately  studied.  The  emis- 
sion of  light  is  a  property  of  the  living  protoplasm  of  the  bacteria, 
and  is  not  usually  due  to  the  oxidation  of  any  photogenic  substance 
given  oflF  by  them ;  at  least  only  in  two  instances  has  such  substance 
been  claimed  to  have  been  isolated.  Every  agent  which  is  injurious 
to  the  existence  of  the  bacteria  affects  this  property.  Living  bacteria 
are  always  found  in  phosphorescent  cultures ;  a  filtered  culture  free 
from  germs  is  invariably  non-phosphorescent;  but  while  the  organ- 
ism cannot  emit  light  except  during  life,  it  can  live  without  emitting 
light,  as  in  an  atmosphere  of  carbonic  acid  gas,  for  instance.  They 
are  best  grown  under  free  access  of  oxygen  in  a  culture  medium 
prepared  by  boiling  fish  in  sea-water  (or  water  containing  3  per  cent, 
sea-salt),  to  which  1  per  cent,  peptone,  1  per  cent,  glycerin,  and  0.5 
per  cent  asparagin  are  added.  Even  in  this  medium  the  powpr  of 
emitting  light  is  soon  lost  unless  the  organism  is  constantly  trans- 
planted to  fresh  media. 

Thermic  Effects. — The  production  of  heat  by  bacteria  does  not 
attract  attention  in  our  usual  cultures  because  of  its  slight  amoimt, 
and  even  fermenting  culture  liquids  with  abundance  of  bacteria 
cause  no  sensation  of  warmth  when  touched  by  the  hand.  Careful 
tests,  however,  show  that  heat  is  produced.  The  increase  of  tem- 
perature in  organic  substances  when  stored  in  a  moist  condition,  as 
tobacco,  hay,  manure,  etc.,  is  one,  partly  at  least,  due  to  the  action 
of  bacteria. 

Chemical  Effects. — The  changes  which  substances  undergo  as  they 
are  split  up  by  microorganisms  depend,  first,  on  the  chemical  nature 
of  the  bodies  involved  and  the  conditions  under  which  they  exist, 
and,  secondly,  on  the  varieties  of  bacteria  present.  A  complete 
description  of  these  chemical  changes  is  at  present  impossible. 
Chemists  can  as  yet  only  enumerate  some  of  the  final  substances 
evolved,  and  describe,  in  a  few  cases,  the  manner  in  which  they  were 
produced.  Bacteria  are  able  to  construct  their  body  substance  out 
of  various  kinds  of  nutrient  materials,  as  well  as  to  produce  fermen- 
tation products  or  poisons;  they  are  able  to  do  these  things  either 
analytically  or  synthetically  with  almost  equal  ease.  Anabolic  and 
katabolic  power  exists,  according  to  Hueppe,  among  bacteria  to  an 
extent  known  as  yet  among  no  other  living  things. 

In  the  chemical  building  up  of  their  body  substance  we  can  dis- 
tinguish, as  Hueppe  concisely  puts  it,  several  groups  of  phenomena : 
Polymerization,  a  sort  of  doubling  up  of  a  simple  compound;  syn- 
thesis, a  imion  of  different  kinds  of  simple  compounds  into  one  or 
more  complex  substances;  formation  of  anhydride,  by  which  new 
substances  arise  from  a  compound  through  the  loss  of  water;  and 
reduction  or  loss  of  oxygen,  which  is  brought  about  especially  by  the 
entrance  of  hydrogen  into  the  molecule.     The  breaking  down  of 
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organic  bodies  of  compKcated  molecular  structure  into  simpler  com- 
binations takes  place,  on  tiie  other  hand,  through  the  loosening  of 
the  bonds  of  polymerization,  through  hydration  or  entrance  of  water 
into  the  molecule,  and  through  oxidation. 

The  chemical  effects  which  take  place  from  the  action  of  bacteria 
are  greatly  influenced  by  the  presence  or  absence  of  free  oxygen. 
The  access  of  pure  atmospheric  oxygen  makes  the  life  processes  of 
most  bacteria  more  easy,  but  is  not  indispensable  when  available 
substances  are  present  which  can  be  broken  up  with  sufficient  ease. 
The  standard  of  availability  is  very  different  for  different  bacteria. 

In  the  presence  of  oxygen  some  of  the  decomposition  products  that 
are  formed  by  the  attack  of  the  anaerobic  bacteria  are  further  decom- 
posed and  oxidized  by  the  aerobes;  they  are  thereby  rendered,  as  a 
rule,  inert  and  consequently  harmless  as  well  as  odorless  in  most 
cases.  Some  bacteria  have  adapted  themselves  to  the  exclusive  use 
of  combined  oxygen,  using  those  compounds  from  which  oxygen  can 
be  obtained,  and  others — the  obligatory  aerobes — are  able  to  live 
only  in  the  presence  of  free  oxygen.  The  facts  of  anaerobiosis  are 
of  great  importance  to  technical  biology  and  to  pathology.  Many 
parasitic  bacteria  are  found  to  produce  far  more  poison  in  the  ab- 
sence of  air  than  in  its  presence.  The  following  three  types  of 
chemical  activity  can  be  separated:  1.  The  bacteria  develop  their 
tissues.  2.  The  bacteria  produce  and  liberate  ferments  or  enzymes 
which  tend  to  make  the  foodstuff  in  their  neighborhood  more  assim- 
ilable. 3.  The  bacteria  assimilate  substance  and  liberate  it  changed 
to  other  material.  These  changes  may  be  due  to  ferments  retained 
in  the  cells. 

Fermentation. — The  term  fermentation  is  differently  used  by  dif- 
ferent authors.  Some  call  every  kind  of  decomposition  due  to  bac- 
teria or  their  products  a  fermentation,  speaking  thus  of  the  putre- 
factive fermentation  of  albuminous  substances ;  others  limit  the  term 
to  the  process  when  accompanied  by  the  visible  production  of  gas; 
others,  again,  take  fermentation  to  mean  only  the  decomposition  of 
carbohydrates,  with  or  without  gas-production. 

Fermentation  may  be  defined  as  a  chemical  decomposition  of  an 
organic  compound,  induced  by  the  life  processes  of  living  organisms 
(organized  ferments),  or  by  chemical  substances  thrown  off  from  the 
bacteria  (unorganized  or  chemical  ferments  or  enzymes).  In  the 
first  case  the  action  is  due  to  the  life  processes  necessary  for  the 
growth  of  the  organisms  producing  the  ferment,  as  in  the  formation 
of  acetic  acid  from  alcohol  by  the  action  of  the  vinegar  plant ;  in  the 
second  case  the  enzyme,  either  within  or  outside  of  the  organism  and 
having  no  direct  connection  with  the  growth  of  the  organism,  causes 
a  structural  change  without  losing  its  identity,  as  in  digestion. 
E.  Bnchner  (Berichte  d,  Deutsch.  chem,  Gesellsch.,  xxx.,  117-124 
and  1110-1113)  has  shown  that,  even  in  those  cases  of  fermentation 
in  which  formerly  it  was  believed  the  organized  cell  itself  was  neces- 
sarily concerned,  the  cell  protoplasm  squeezed  from  crushed  cells  and 


VITAL   PHENOMENA    OF   BACTERIA,  79 

separated  by  filtration  is  able  to  cause  the  same  changes  as  the  organ- 
ized cells.  This  brings  fermentation  by  unorganized  and  organized 
ferments  very  closely  together,  the  one  being  a  substance  thrown  off 
from  the  cell,  the  other  a  substance  ordinarily  retained  within  the 
cell.  The  elaboration  of  both  ceases  with  the  death  of  the  bacteria 
producing  them.  These  enzymes,  even  when  present  in  the  most 
minute  quantities,  have  the  power  of  splitting  up  or  decomposing 
complex  organic  compounds  into  simpler,  more  easily  soluble  and 
diffusible  molecules.  The  changes  thus  made  may  greatly  aid  in 
rendering  the  foodstuff  suitable  for  bacterial  growth.  We  can  only 
speak  of  chemical  ferments  when  it  can  be  demonstrated  that  the 
fermentation  continues  in  the  absence  of  all  living  bacteria.  These 
substances,  when  present,  may  be  obtained  in  an  active  state  by  the 
addition  of  disinfectants — carbolic  acid,  chloroform,  ether,  etc. — to 
the  cultures,  or  by  filtration  through  Berkefeld  or  Pasteur  filters. 

Characteristics  of  Ferments. — Ferments  are  non-dialyzable.  They 
withstand  moderate  dry  heat,  but  are  usually  destroyed  in  watery 
solutions  on  exposure  of  10  to  30  minutes  to  a  temperature  of  60 
to  70°  C.  They  are  injured  by  acids,  especially  the  inorganic  ones, 
but  are  resistant  to  all  alkalies.  A  simple  example  of  bacterial  fer- 
mentation of  carbohydrates  produced  by  an  enzyme  is  that  of  grape- 
sugar: 


Or, 
Or, 


Far  less  common  is  oxidizing  fermentation,  such  as  occurs,  for 
example,  in  the  production  of  acetic  acid  from  alcohol.  Here  the 
energy  is  acquired  not  from  the  decomposition  but  by  the  oxidation 
of  the  alccAol. 

The  Proteolytic  Ferments. — The  proteolytic  ferments  which  are 
somewhat  analogous  to  trypsin — ^being  capable  of  changing  albumin- 
ous bodies  into  soluble  and  diffusible  substances — are  very  widely 
distributed.  The  liquefaction  of  gelatin,  which  is  chemically  allied 
to  albumin,  is  due  to  the  presence  of  a  proteolytic  ferment  or  trypsin. 
The  production  of  proteolytic  ferments  by  different  cultures  of  the 
same  varieties  of  bacteria  varies  considerably — far  more  than  is  gen- 
erally supposed.  Even  among  the  freely  liquefying  bacteria,  such 
as  the  cholera  spirillum  and  the  staphylococcus,  poorly  liquefying 
varieties  have  been  repeatedly  found.  These  observations  have 
detracted  considerably  from  the  value  in  cultures  of  the  property  of 
liquefying  gelatin  as  a  positive  diagnostic  characteristic.  Most  con- 
ditions which  are  unfavorable  to  the  growth  of  bacteria  seem  to  inter- 
fere ^190  T^itb  their  liquefying  power. 


Grape-sugar. 

2C,HeO 

2  Alcohol. 

-f             2C0, 
2  Carbon  dioxide. 

Grape^ugar. 

""       2 

2CH.0. 
Lactic  acid. 

Grape-sugar. 

""       8 

3C,HA 
Acetic  acid. 
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Bitter-tasting  products  of  decomposition  may  be  formed  by  cer- 
tain liquefying  bacteria  in  media  containing  proteid,  as,  for  example, 
in  milk. 

Diastatic  Ferments. — ^Diastatic  ferments  convert  starch  into  sugar. 
This  action  is  demonstrated  by  mixing  starch  paste  with  suitable 
cultures  to  the  resulting  mixture  of  which  thymol  has  been  added, 
and  keeping  the  digestion  for  six  to  eight  hours  in  the  incubating 
oven;  then,  on  the  addition  of  Fehling's  solution  and  heating,  the 
reaction  for  sugar  appears — ^the  reddish-yellow  precipitate  due  to  the 
reduction  of  the  copper. 

Inverting  Ferments. — Inverting  ferments  (that  is,  those  which 
convert  polysaccharides  into  monosaccharides)  are  of  very  frequent 
occurrence.  Bacterial  invertin  withstands  a  temperature  of  100° 
C.  for  more  than  an  hour,  and  is  produced  in  culture  media  free 
from  proteid.  For  more  details  as  to  the  action  of  ferments  on 
sugars  see  chapter  on  the  colon-typhoid  groups. 

Bennin-like  Ferments. — Eennin-like  ferments  (substances  having 
the  power  of  coagulating  milk  with  neutral  reaction,  independent 
of  acids)  are  found  not  infrequently  among  bacteria.  The  B.  pro- 
digiosus,  for  instance,  in  from  one  to  two  days  coagulates  to  a  solid 
mass  milk  which  has  been  sterilized  at  55°  to  60°  C.  These  fer- 
ments have  not  been  thoroughly  investigated ;  they  are  probably  pres- 
ent, however,  in  all  species  of  bacteria  which  coagulate  milk,  even 
though  the  organisms  also  produce  acid. 

Fermentation  yields  products  that  are  poisonous  to  the  ferment; 
hence  fermentation  ceases  when  the  nutriment  is  exhausted  or  the 
fermentation  is  in  excess.  Often,  however,  the  process  will  begin 
again  after  diluting  the  fermented  medium,  showing  that  the  con- 
centration of  the  harmful  products  plays  an  important  part  in 
the  inhibitory  action.  Specific  names  are  applied  to  various 
well-known  fermentations  according  to  the  product — e.  g.,  acetic, 
yielding  acetic  acid;  alcoholic  or  vinous,  yielding  alcohol;  ammo- 
niacal,  yielding  ammonia ;  amylic,  yielding  amylic  alcohol ;  benzoic, 
yielding  benzoic  acid;  butyric,  yielding  butyric  acid;  lactic,  yield- 
ing lactic  acid;  and  viscous,  yielding  a  gummy  mass. 

Pigment  Production. — Pigments  have  no  known  importance  in 
connection  with  disease,  but  are  of  interest  and  have  value  in  identi- 
fying bacteria.     Their  chemical  composition  is  not  generally  known. 

Red  and  Yellow  Pigments. — Of  the  twenty-seven  red  and  yellow 
chromogenic  bacteria  studied  by  Schneider,  almost  all  produce  pig- 
ments soluble  in  alcohol  and  insoluble  in  water.  The  large  major- 
ity of  these  pigments  possess  in  common  the  property  of  being  colored 
blue-green  by  sulphuric  acid  and  red  or  orange  by  a  solution  of  pot- 
ash. Though  varying  considerably  in  their  chemical  composition 
and  in  their  spectra,  they  may  be  classified,  for  the  most  part,  among 
that  large  group  of  pigments  common  to  both  the  animal  and  veg- 
etable kingdoms  known  as  lipochromes,  and  to  which  belong  the  pig- 
ments of  fat,  yolk  of  eggs,  the  carotin  of  carrots,  turnips,  etc. 
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Violet  Pigments. — Certain  bacteria  produce  violet  pigments,  also 
insoluble  in  water  and  soluble  in  alcohol,  but  insoluble  in  etber,  ben- 
zol, and  chloroform.  These  are  colored  yellow  when  treated  in  a 
dry  state  with  sulphuric  acid  and  emerald-green  with  potash  solution. 

Bine  Pigments. — Blue  pigments,  such  as  the  blue  pyocyanin  pro- 
duced only  by  B.  pyocyaneus ;  the  fluorescent  pigment  common  to 
many  so-called  fluorescent  bacteria  is  different  (bacteriofluorescence). 
In  cultures  the  fluorescence  is  at  first  blue;  later,  as  the  cultures 
become  alkaline,  it  is  green. 

Numerous  investigations  have  been  made  to  determine  the  cause 
of  the  variation  in  the  chromogenic  function  of  bacteria.  All  condi- 
tions which  are  unfavorable  to  the  growth  of  the  bacteria  decrease 
the  production  of  pigment,  as  cultivation  in  unsuitable  media  or  at- 
too  low  or  too  high  a  temperature,  etc.  The  B.  p*odigiosu8  produces 
no  pigment  at  37^  C,  and  when  transplanted  at  this  temperature, 
even  into  favorable  media,  the  power  of  pigment  production  is  grad- 
ually lost.  B,  pyocyaneus  doee  not  produce  pigment  under  anaerobic 
conditions. 

Ordinarily  colorless  species  of  bacteria  sometimes  produce  pig- 
ments. Thus  yellow  colonies  of  the  pneumococcus  have  been  ob- 
served, and  colored  varieties  of  the  streptococcus  pyc^nes.  Occa- 
sionally colored  and  uncolored  colonies  of  the  same  species  of  bac- 
teria may  be  seen  to  occur  side  by  side  in  one  plate  culture,  as,  for 
example,  in  the  case  of  staphylococcus  pyogenes. 

Alkaline  Products  and  the  Fermentation  of  Urea. — Aerobic  bac- 
teria  always  produce  alkaline  products  from  albuminous  substances 
in  culture  media  free  from  sugar.  Many  species  of  bacteria  pro- 
duce acids  in  the  presence  of  sugars,  which  explains  the  fact  that 
neutral  or  slightly  alkaline  broth  often  becomes  acid  at  first  from  the 
fermentation  of  the  sugar  contained  in  the  meat  used  for  making 
the  media.  When  the  sugar  is  used  up  the  reaction  often  becomes 
alkaline,  as  the  production  of  alkalies  continues.  The  substances 
producing  the  alkalinity  in  cultures  are  chiefly  ammonia,  amine,  and 
the  ammoniimi  bases. 

The  conversion  of  urea  into  carbonate  of  ammonia  affords  an 
example  of  the  production  of  alkaline  substances  by  bacteria: 

CO(NH,),  -f  2H,0  =  CO.(NH,), 

Urea.  2  Water.  Ammonium  carbonate. 

The  power  of  decomposing  urea  is  not  widespread  among  bacteria. 

Ptomains. — Nencki,  and  later  Brieger,  Vaughan,  and  others,  suc- 
ceeded in  isolating  organic  bases  of  a  definite  chemical  composition 
out  of  putrefying  fluids — ^meat,  fish,  old  cheese,  and  milk — as  well 
as  from  pure  bacterial  cultures.  Some  of  these  were  found  to  exert 
a  poisonous  effect,  while  others  were  harmless.  The  poisons  may  be 
present  in  the  decomposing  cadaver  (hence  the  name  ptomain,  from 
vr£fAa,  putrefaction),  and,  in  consequence,  have  to  be  taken  into 
consideration  in  questions  of  legal  medicine.  They  may  be  formed 
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also  in  the  living  human  body,  and,  if  not  made  harmless  by  oxida- 
tion, may  come  to  act  therein  as  self-poisons  or  leucomains.  They 
are  now  known  not  to  be  the  substances  to  which  the  specific  poison- 
ous effects  of  bacteria  are  due.  Many  of  the  latter  are  easily  de- 
stroyed or  altered  by  heat,  and*  have  different  characteristics. 

Many  ptomains  are  known  already  and  the  elementary  composi- 
tion of  each  made  out,  and  among  them  are  some  whose  exact  chem- 
ical constitution  is  established.  Especially  interesting  is  the  sub- 
stance cadaverin,  which  was  separated  by  Brieger  from  portions  of 
decomposing  dead  bodies  and  from  cholera  cultures,  by  reason  of 
the  fact  that  Ladenburg  prepared  it  synthetically  and  showed  it  to 
be  pentamethylenediamin  [(^112)2(0112)5].  The  cholin  group  is 
particularly  interesting.  Cholin  itself  (C5H15NO2)  arises  from 
the  hydrolytic  breaking-up  of  lecithin,  the  fat-like  substance  found 
in  considerable  amounts  in  the  brain  and  other  nervous  tissue.  By 
the  oxidation  of  cholin  there  can  be  produced  the  highly  toxic  mus- 
carin,  found  by  Schmiedeberg  in  a  poisonous  toadstool  and  isolated 
by  Brieger  in  certain  decomposing  substances : 

CH„NO,  +  o  =  (WJf^O, 

Cbolln.  Muscarln. 

The  ptomain  tyrotoxicon  was  obtained  from  cheese,  milk,  and  ice- 
cream by  Vaughan. 

Pyocyanin  (C14H14N2O),  which  produces  the  color  of  blue  or 
blue-green  pus,  is  a  ptomainic  pigment.  Similar  bodies  of  a  basic 
nature  may  be  found  in  the  intestinal  contents  as  the  products  of 
bacterial  decomposition.  Some  of  these  are  poisons  and  can  be 
absorbed  into  the  body.  Some  believe  the  complex  of  symptoms 
designated  as  coma  and  tetany  may  be  ascribed  to  the  absorption  of 
substances  of  this  nature.  Since  the  name  ptomain  was  given  to 
the  poisonous  products  of  bacterial  growth  before  these  products  were 
chemically  understood  it  is  by  many  wrongly  applied  to  all  poisons 
found  in  food,  as  in  cases  of  poisoning  due  to  decomposing  meat  or 
sausage  or  to  cheese  or  milk.  Such  poisoning  may  be  due  to  true 
toxins  or  even  living  bacteria. 

The  isolation  of  these  substances  can  here  be  only  briefly  referred 
to.  According  to  Brieger's  method,  which  is  the  one  now  generally 
employed,  the  cultures  having  a  slight  acid  reaction  (HCl)  are 
boiled  down,  filtered,  and  the  filtrate  concentrated  to  a  syrupy  con- 
sistency, dissolved  in  96  per  cent,  alcohol,  purified  and  precipitated 
by  means  of  an  alcoholic  solution  of  bichloride  of  mercury. 

The  Bacterial  Toxins. — The  term  toxin  is  here  employed  to  mean 
any  poisonous  substance  formed  in  the  growth  of  bacteria  or  other 
microorganism.  The  different  bacterial  toxins  vary  greatly  in  their 
characteristics.  As  little  is  known  concerning  their  chemical  na- 
ture, we  are  not  able  to  classify  them.  There  are  certain  known 
differences  among  them  which  are  important  and  may  be  made  use 
of  for  purposes  of  study.     Some  varieties  of  bacteria  excrete  in 
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ordinary  culture  media  water  soluble  toxic  products,  others  retain 
their  poisonsous  substances.  We  therefore  have  extracellular  and 
intracellular  toxins.  It  is  possible  that  all  pathogenic  bacteria  pro- 
duce some  extracellular  toxins  in  the  infected  body,  but  as  yet  we 
have  no  proof  of  this.  Among  the  intracellular  poisons  some  are 
heat  resistant.     To  these  the  name  proteins  is  frequently  given. 

Extracelliilar  Toziiis. — Among  the  properties  of  the  extracellular 
toxins  are  the  following:  They  are,  so  far  as  known,  uncrystallizable, 
and  thus  differ  from  ptomains;  they  are  soluble  in  water  and  they 
are  dialyzable,  through  thin  membranes  but  not  through  thick  mem- 
branes such  as  are  used  in  refining  antitoxic  globulins;  they  are 
precipitated  along  with  proteids  by  concentrated  alcohol,  65  per 
cent  or  over,  and  also  by  ammonia  sulphate;  if  they  are  proteids 
they  are  either  albumoses  or  allied  to  the  albumoses;  they  are  rela- 
tively imstable,  having  their  toxicity  diminished  or  destroyed  by 
heat  as  well  as  by  chemical  manipulation  (the  degree  of  heat,  etc., 
which  is  destructive  varies  mudi  in  different  cases).  Their  potency 
is  often  altered  in  the  precipitations  practised  to  obtain  them  in  a 
pure  or  concentrated  condition,  but  among  the  precipitants  ammo- 
nium sulphate  has  but  moderate  harmful  effect  A  remarkable 
characteristic  of  the  group  is  that  they  are  highly  specific  in  their 
properties  and  have  the  power  in  the  infected  body  to  excite  the  pro- 
duction of  antitoxins.  The  diphtheria  and  tetanus  bacilli  are  the 
best  known  extracellular  toxin  producers. 

Precipitation  of  Extracellular  Toxins. — Ammonium  sulphate  crystals 
are  added  to  the  fluid  containing  the  toxin  until  it  is  saturated.  A 
large  excess  of  ammonium  sulphate  crystals  are  then  added  and  the 
whole  kept  at  about  37  °C.  for  twelve  to  eighteen  hours.  The  toxin 
is  precipitated  and  rises  to  the  surface.  This  is  skimmed  off  and 
dried  in  a  vacuum  or  in  an  exsiccator  containing  strong  sulphuric 
add.  The  dried  powder  is  placed  in  vacuum  tubes  and  stored  in  the 
dark.  Under  these  conditions  the  toxins  deteriorate  very  slowly. 
During  the  the  process  there  may  be  a  considerable  loss  of  toxin, 
even  when  every  care  is  taken.  Tetanus  toxin  is  especially  liable 
to  deterioration.  With  the  toxin  other  substances  are  precipitated. 
The  diphtheria  toxin  is  best  precipitated  from  the  bouillon  by  adding 
alcohol  sufficient  to  produce  a  65  per  cent  solution.  The  precipitate 
is  removed  from  the  alcohol  by  filtration  with  the  least  possible  delay. 

Intraeelliilar  Toxins. — ^Eegarding  the  intracellular  toxins  which  are 
more  intimately  associated  with  the  bacterial  cell  and  are  produced 
by  all  bacteria  we  know  much  less,  but  it  is  probable  that  their  chem- 
ical nature  is  somewhat  similar,  though  they  differ  in  their  resistance 
to  heat, — e.  g.,  some  of  the  toxins  elaborated  by  tubercle  bacilli  with- 
stand boiling,  while  others  do  not  In  the  case  of  all  toxins  the  fatal 
dose  for  an  animal  varies  with  the  body  weight,  age,  and  general 
conditions. 

Ferment  Characteristics  of  Toxins. — The  comparison  of  the  action  of 
bacteria  in  the  tissues  in  the  production  of  these  toxins  to  what  takes 
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place  in  the  gastric  digestion  has  raised  the  question  of  the  possi- 
bility of  the  elaboration  of  these  bacteria  of  ferments,  by  whidi  the 
process  may  be  started.  It  would  not  be  prudent  to  dogmatize  as 
to  whether  the  toxins  do  or  do  not  belong  to  such  an  ill-defined 
group  of  substances  as  the  ferments.  It  may  be  pointed  out^  how- 
ever, that  the  essential  concept  of  ferments  is  that  of  a  body  which 
can  originate  change  without  itself  being  changed,  and  no  evidence 
has  been  adduced  that  toxins  fulfil  this  condition.  Another  prop- 
erty of  ferments  is  that,  so  long  as  the  products  of  fermentation  are 
removed,  the  action  of  a  given  amount  of  ferment  is  indefinite.  In 
the  case  of  toxins  no  evidence  of  such  an  occurrence  has  been  found. 
A  certain  amoimt  of  a  toxin  is  always  associated  with  a  given  amount 
of  disease  effect 

Similar  Vegetable  and  Animal  Poisons. — Substances  similar  to  the 
bacterial  endotoxin  ferments  and  soluble  toxins  are  formed  by  many 
varieties  of  cells  other  than  bacteria.  The  ricin  and  abrin  poisons 
obtained  from  the  seeds  of  the  BiciniLS  communis  and  the  Abrus 
precatorius  have  many  properties  similar  to  those  of  the  diphtheria 
and  tetanus  poisons.  The  active  poisons  contained  in  ricin  and 
abrin  have  not  yet  been  isolated,  but  the  impure  substances  are  ex- 
tremely poisonous.  When  injected  into  suitable  animals  anti- 
poisons are  produced  and  accumulate  in  the  serum.  These  neutral- 
ize the  poisons  wherever  they  come  in  contact  with  them. 

They  resemble  the  toxins  in  a  general  way  in  the  manner  in  which 
they  react  to  heat  and  chemicals.  They  are  precipitated  by  alcohol. 
Through  animal  membranes  they  are  less  dialyzable  than  albumoses. 
Substances  having  these  characteristics  are  called  toxalbumins. 

Poisonous  snakes  secrete  poisons  whidi  have  many  of  the  char- 
acteristics of  the  bacterial  albumoses.  The  active  poisons  have  never 
been  obtained  chemically  pure,  but  the  venoms  are  extremely  power- 
ful Calmette  determined  that  1  gm.  of  cobra  venom  will  kill 
4,000  kgm.  of  rabbit.  The  venom  contains  some  substances  similar 
to  peptone  and  others  similar  to  globulin.  The  former  cause  general 
nervous  symptoms  and  paralysis  of  the  respiratory  center,  while  the 
latter  cause  intense  local  reaction  with  hemorrhages  around  the 
point  of  injection.  The  active  poisons  differ  in  the  different  snakes. 
The  more  closely  related  the  snakes  are  the  more  in  common  are 
their  poisons.  The  injection  into  animals  of  venins  is  followed  by 
the  production  of  antivenins  which  neutralize  the  venins.  When  the 
serum  containing  abundant  suitable  antevenins  is  injected  into  an 
infected  person  it  has  considerable  therapeutic  value. 

Ehrlicn's  Theories  as  to  the  Nature  of  Extracellular  Toxins. — 
From  a  large  number  of  most  carefully  conducted  experiments  with 
the  toxin  and  antitoxin  of  diphtheria,  Ehrlich  has  formulated  a 
theory  concerning  the  former.  This  theory  has  undergone  several 
modifications  since  it  was  first  proposed,  and  it  is  difficult  to  give 
an  exact  statement  of  its  present  status.  Generally  speaking,  how- 
ever, in  condensed  form  its  essential  points  are  as  follows: 
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Toxins  and  antitoxins  neutralize  one  another  after  the  manner  of 
chemical  reagents.  The  chief  reasons  for  this  belief  lie  in  the  ob- 
served facts:  (a)  that  neutralization  takes  place  more  rapidly  in 
concentrated  than  in  dilute  solutions,  and  (6)  that  warmth  hastens 
and  cold  retards  neutralization.  From  these  observations  Ehrlich 
concludes  that  toxins  and.  antitoxins  act  as  chemical  reagents  do  in 
the  formation  of  double  salts.  A  molecule  of  the  poison  requires 
an  exact  and  constant  quantity  of  the  antitoxin  in  order  to  produce 
a  neutral  or  harmless  substance.  This  implies  that  a  specific  atomic 
group  in  the  toxin  molecule  combines  with  a  certain  atomic  group 
in  the  antitoxin  molecule. 

The  toxins,  however,  are  not  simple  bodies,  but  easily  split  into 
other  substances  which  differ  from  one  another  in  the  avidity  with 
which  they  combine  with  antitoxin. 

These  derivatives  Ehrlich  calls  prototoxins,  deuterotoxins,  and 
tritotoxins. 

All  forms  of  toxins  are  supposed  to  consist  of  two  modifications, 
which  combine  in  an  equally  energetic  manner  with  antitoxin  or 
with  suitable  substance  in  the  cells,  but  differ  in  their  resistance  to 
heat  and  other  destructive  agents. 

The  less-resistant  form  passes  readily  into  a  substance  called  tox- 
oid which  has  the  same  affinity  for  the  antitoxin  as  the  original 
toxin,  but  is  not  poisonous.  The  facts  observed,  Ehrlich  thinks,  are 
best  explained  on  the  supposition  that  the  toxic  molecule  contains 
two  independent  groups  of  atoms,  one  of  which  may  be  designated 
as  the  haptophorous  and  the  other  as  the  toxophorous  group.  It  is 
by  the  action  of  the  former  that  toxin  unites  with  antitoxin  or  cell 
molecule  and  allows  the  latter  to  exert  its  poisonous  effect 

The  toxophorous  group  is  unstable,  but  after  its  destruction  the 
molecule  still  unites  with  the  antitoxin  or  the  sensitive  molecule 
through  its  retained  haptophorous  group. 

Specific  antitoxins  can  be  produced  not  only  with  toxins,  but  with 
toxoids. 

Bordet  has  shown  that  toxin  unites  in  different  multiples  with 
antitoxin,  so  that  the  toxin  molecule  may  have  its  affinity  slightly, 
partly,  or  wholly  satisfied  by  antitoxin.  Slightly  satisfied,  it  is  still 
feebly  toxic;  combined  with  a  larger  amount  of  antitoxin,  it  is  not 
toxic ;  but  still  may,  when  absorbed  into  the  system,  lead  tx)  the  pro- 
duction of  antitoxin.  Fully  saturated,  it  has  no  poisonous  proper- 
ties and  no  ability  to  stimulate  the  production  of  antitoxin. 

The  most  important  of  the  extracellular  toxins  are  those  produced 
by  the  diphtheria  and  tetanus  bacilli.  These  are  very  powerful; 
0.0000001  gram  of  the  dried  filtrate  of  a  tetanus  culture  will  fre- 
quently kill  a  white  mouse,  while  one-tenth  of  that  amount  of  dried 
diphtheria  filtrate  has  killed  a  guinea-pig. 

The  same  bacterium  may  produce  several  entirely  distinct  toxins, 
thus,  according  to  Madsen  and  Ehrlich,  the  specific  tetanus  poison 
consists  of  two  toxins,  tetanospasmin  and  tetanolysin.     To  the  first 
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of  tiiese  the  tetanic  convulsions  are  due,  while  the  second  has  a  hsemo- 
lytic  action. 

Altogether  different  from  the  poison  effects  are  the  immunization 
processes  produced  by  the  cell  substances  of  bacteria,  whether  they 
be  obtained  from  bacterial  bodies  or  from  chemical  preparations. 
These  processes  have  nothing  to  do  with  the  toxic  action  of  the  cell 
proteids,  but  rather  depend  upon  the  introduction  of  suitable  recep- 
tors, that  is,  substance  capable  of  union  with  the  molecules  of  the 
cells  which  give  rise  to  the  bactericidal  protective  powers — lysin, 
precipitin,  and  agglutinin. 

For  the  present  we  may  assume  with  certainty  that  such  receptors 
exist  only  in  the  unchanged  bacterial  cells,  which,  like  cholera  vibrio, 
pneumococcus,  etc.,  give  up  in  toto  their  destructive  processes;  on 
the  other  hand,  we  may  say  pretty  surely  that  forcible  extraction — 
that  is,  production  of  dhemical  proteid  preparation — so  changes  most 
of  the  atomic  grouping  that  little  or  no  bactericidal  reaction  re- 
sults from  their  introduction,  and  that  these  albuminous  substances 
produce  only  the  same  reaction  as  other  outside  albuminous  sub- 
stances— i.  e.,  the  formation  of  a  specific  precipitin,  which,  how- 
ever, is  closely  allied  to  agglutinin.  It  is  very  probable,  on  the  con- 
trary, that  in  the  substance  so  carefully  prepared  as  Koch's  new 
tuberculin  and  Buchner's  plasmin,  from  the  tubercle  bacillus  and 
the  cholera  vibrio,  the  specific  receptors  may  be  retained,  so  that 
these  preparations  produce  bactericidal  and  immunization  processes. 

Summary.. — 1.  One  group  of  bacteria  produces  as  free  secretions 
very  specific  toxins.  After  extraction  of  this  soluble  poison  there 
remains  an  unspecific  bacterial  residue.     Type:  diphtheria,  tetanus. 

2.  Another  large  group  possesses  apparently  only  endotoxins,  true 
toxins  which  are  more  or  less  closely  bound  to  the  living  cell,  and 
which  are  only  in  a  small  degree  separable  in  unchanged  condition 
perhaps  outside  of  the  body.  On  death  of  the  cell  they  partly  be- 
come free,  partly  remain  united,  or  become  secondary  poisonous 
modifications,  no  longer  of  the  nature  of  toxins.  In  this  group, 
therefore,  the  dead  cell  bodies  cannot  be  entirely  freed  without  resi- 
due from  the  poisons;  the  pure  proteid  cannot  be  clearly  identified 
by  its  individual  action.  With  this  reservation,  however,  the  pro- 
teid action  can  be  demonstrated.  Type:  cholera,  typhoid,  pneumo- 
coccus. 

The  pyogenic  action  of  their  proteids  is  common  to  all  bacteria, 
this  depending  principally  upon  their  being  extraneous  albuminous 
substances.  Pyogenic  effects  may  be  produced  in  like  manner  by 
extraneous  albumins  of  non-bacterial  origin.  That  every  extraneous 
albuminous  substance  is  harmful  to  the  organism  which  seeks  to 
resist  its  action  is  shown  by  those  specific  precipitating  ferments,  the 
precipitins,  which  are  produced  in  the  organisms  after  the  introduc- 
tion of  every  extraneous  albumin. 

Sulphuretted  Hydrogen. — Sulphuretted  hydrogen  is  a  very  com- 
mon bacterial  product.     Its  presence  is  determined  by  placing  a 
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piece  of  paper  moistened  with  lead  acetate  inside  tbe  neck  of  the 
flask  containing  the  culture,  closing  the  mouth  with  a  cotton-wool 
stopper,  and  over  this  again  an  India-rubber  cap  (black  rubber  free 
from  sulphur).  The  paper  is  coWed  at  first  brownish  and  later 
black;  repeated  observation  is  necessary,  as  the  color  sometimes  dis- 
appears toward  the  end  of  the  reaction.  Apparently  negative  results 
should  not  be  rashly  accepted  as  conclusive. 

According  to  Petri  and  Maassen,  the  power  of  forming  sulphur- 
etted hydrogen,  particularly  in  liquid  culture  media  containing  much 
peptone  (5  to  10  per  cent)  is  possessed,  though  in  different  degree, 
by  all  bacteria  examined  by  them ;  only  a  few  bacteria  form  IlgS  in 
bouillon  in  the  absence  of  peptone,  while  about  60  per  cent  in  media 
containing  1  per  cent  peptone. 

Reduction  Processes. — All  bacteria,  as  we  have  seen,  possess  the 
property  of  converting  sulphur  into  sulphuretted  hydrogen,  for 
which  purpose  is  required  the  presence  of  nascent  hydrogen.  The 
following  processes  depend  also  in  part  upon  the  action  of  nascent 
hydrogen : 

1.  The  reduction  of  blue  litmus  pigments,  methylene  blue,  and 
indigo  to  colorless  substances.  The  superficial  layer  of  cultures  in 
contact  with  the  air  shows  often  no  reduction,  only  the  deeper  layers 
being  affected.  By  agitation  with  access  of  air  the  colors  may  be 
again  restored,  but,  at  the  same  time,  if  acid  has  been  formed,  the 
litmus  pigment  is  turned  red. 

2.  The  reduction  of  nitrates  to  nitrites,  ammonia  and  free  nitro- 
gen. The  first  of  these  properties  seems  to  pertain  to  a  great  many 
bacteria. 

The  test  for  nitrites  is  made  as  follows:  Two  bouillon  tubes  containing 
nitrates  are  inoculated,  and,  along  with  two  uninoculated  tubes,  are  allowed 
to  remain  in  the  incubator  for  several  days;  then  to  the  cultures  and  con- 
trol test  is  added  a  small  quantity  of  colorless  iodide  of  starch  solution 
(thin  starch  paste  containing  0.5  per  cent,  potassium  iodide)  and  a  few 
drops  of  pure  sulphuric  acid.  The  control  tubes  remain  colorless  or  become 
gradually  slightly  blue,  while  if  nitrites  are  present  a  dark-blue  or  brown- 
red  coloration  is  produced.  A  test  may  be  made  also  by  sulfonilic  acid 
and  a  naphthylamin  hydrochloride,  which  give  a  brown-red  coloration  pro- 
portional to  the  amount  of  nitrite  present. 

The  demonstration  of  ammonia  is  made  by  the  addition  of  Nessler's 
reagent  to  culture  media  free  from  sugar.  In  bouillon,  if  ammonia  be 
present,  Nessler's  reagent  is  almost  immediately  reduced  to  black  mercur- 
ons  oxide.  A  strip  of  paper  saturated  with  the  reagent  can  also  be  sus- 
pended over  the  bouillon  tube,  or  this  can  be  distilled  at  a  low  temperature 
with  the  addition  of  magnesium  oxide  and  the  distillate  treated  with  Ness- 
ler's reagent.  A  yellow  to  red  coloration  indicates  the  presence  of  ammo- 
nia. Controls  are  necessary.  Place  1  c.c.  of  bouillon  and  49  c.c.  NH,  free 
HjO  in  Nessler  jar  with  controls.  Add  reagent  to  each,  allow  to  stand  fif- 
teen minutes  and  read  color  which  is  compared  with  standards. 

Aromatic  Products  of  Decomposition. — ^Many  bacteria  produce 
aromatic  substances  as  the  result  of  their  growth.     The  best  known 
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of  these  are  indol,  skatol,  phenol,  and  tyrosin.  Systematic  investi- 
gations have  only  been  made  with  regard  to  the  occurrence  of  indol 
and  phenol. 

Teat  for  IndoL — To  a  bouillon  culture,  which  should,  if  possible, 
be  not  under  eight  days  old  and  free  from  sugar,  is  added  half  its 
volume  of  10  per  cent,  sulphuric  acid.  If  in  heating  to  about  80° 
C.  a  pink  or  bluish-pink  coloration  is  immediately  produced  it  indi- 
cates the  presence  of  both  indol  and  nitrites,  the  above-described 
tiitroso-indol  reaction  requiring  the  presence  of  both  of  these  sub- 
stances for  its  successful  operation.  This  is  the  so-called  "  cholera- 
red  reaction,*'  but  it  may  be  applied  to  many  other  spirilla  besides 
cholera  and  to  certain  bacilli  also.  As  a,  rule,  however,  the  addition 
of  sulphuric  acid  alone  is  not  sufficient,  and  a  little  nitrite  must  be 
added ;  this  may  be  done  later,  the  culture  being  first  warmed  with- 
out nitrite,  when,  if  there  is  no  reaction  or  a  doubtful  one,  1  to  2 
c.c.  of  0.006  per  cent,  solution  of  sodium  nitrite  is  added  until  the 
maximum  reaction  is  obtained.  The  addition  of  strong  solutions  of 
nitrite  colors  the  acid  liquid  brownish-yellow  and  ruins  the  test. 
Out  of  sixty  species  examined  by  Lehmann,  twenty-three  gave  the 
indol  reaction. 

Decomposition  of  Fats. — ^Pure  melted  butter  is  not  a  suitable  cul- 
ture medium  for  bacteria.  The  rancidity  of  butter  is  brought  about 
(1)  as  the  result  of  a  purely  chemical  decomposition  of  the  butter 
by  the  oxygen  of  the  air  under  the  influence  of  sunlight,  and  (2) 
through  the  formation  of  lactic  acid  from  the  milk-sugar  left  in  the 
butter.  Fats  are,  however,  attacked  by  bacteria  when  mixed  with 
gelatin  and  used  as  culture  media,  with  the  consequent  production 
of  add. 

Putrefaction. — By  putrefaction  is  understood  in  common  parlance 
every  kind  of  decomposition  due  to  bacteria  which  results  in  the 
production  of  malodorous  substances.  Scientifically  considered, 
putrefaction  depends  upon  the  decomposition  of  complex  organic 
compounds,  albuminous  substances,  which  are  frequently  first  pep- 
tonized and  then  further  decomposed.  Typical  putrefaction  occurs 
only  when  oxygen  is  absent  or  scanty ;  the  free  passage  of  air  through 
a  culture  of  putrefactive  bacteria — an  event  which  does  not  take 
place  in  natural  putrefaction — very  much  modifies  the  process :  first, 
biologically,  as  the  anaerobic  bacteria  are  inhibited,  and  then  by 
the  action  of  the  oxygen  on  the  products  or  by-products  of  the  aerobic 
and  facultative  anaerobic  bacteria. 

As  putrefactive  products  we  have  peptone,  ammonia,  and  amines, 
leucin,  tyrosin,  and  other  amido  substances;  oxyfatty  acids,  indol, 
skatol,  phenol,  ptomains,  toxins,  and,  finally,  sulphuretted  hydro- 
gen, mercaptans,  carbonic  acid,  hydrogen,  and,  possibly,  marsh-gas. 

Nitrif3dng  Bacteria. — According  to  recent  observations,  nitrifica- 
tion is  produced  by  a  small,  special  group  of  bacteria,  cultivated  with 
difficulty,  which  do  not  grow  on  our  usual  culture  media.  From 
the  investigations  of  Winogradsky  it  would  appear  that  there  are 
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two  common  microorganisms  present  in  the  soil,  one  of  which  con- 
verts ammonia  into  nitrites  and  the  other  converts  nitrites  into 
nitrates. 

Conversion  of  Nitrons  and  Nitric  Acids  into  Free  Nitrogen 

This  process  is  performed  by  a  number  of  bacteria.  The  special 
nitrate-fermenting  bacteria,  however,  were  first  accurately  described 
by  Barri  and  Stutzer.  In  their  exhaustive  investigation  they  first 
isolated  from  horse-manure  two  bacteria,  neither  of  which  was  alone 
capable  of  producing  nitrogen  from  nitrates,  but  which  together  in 
the  presence  of  oxygen,  but  never  without  it  entirely,  decomposed 
nitrates  energetically.  Later  a  second  denitrificating  bacillus  was 
found,  B.  denitrificans  II,  which  by  itself  was  able  to  produce  nitro- 
gen from  nitrates. 

The  practical  importance  of  these  organisms  is  that  by  their  action 
large  quantities  of  nitrates  in  the  soil,  and  especially  in  manure,  may 
become  lost  as  plant  food  by  being  converted  into  nitrogen. 

Nitrogen  Combination. — The  Bacillus  radiocola  of  Beyerinck, 
which  was  isolated  by  him,  has  the  power  of  assimilating  nitrogen 
from  the  air.  This  bacillus  is  found  in  the  small  root  nodules  of 
various  leguminous  plants  (pease,  clover,  etc),  and  can  be  obtained 
from  these  in  cultures.  Different  varieties  exist  in  different  kinds 
of  legumes,  each  kind  of  legume  apparently  having  a  special  variety 
of  bacteria  adapted  to  it,  and  not  every  variety  is  capable  of  pro- 
ducing nodules  in  all  legumes.  There  are  certain  "  neutral "  varie- 
ties, however,  existing  free  in  the  soil  and  not  adapted  to  any  special 
legume,  and  these  seem  to  be  able  to  form  nodules  in  different 
legumes. 

By  the  aid  of  these  root  bacteria,  which  gain  entrance  to  the  roots 
and  there  produce  this  nodular  formation,  the  leguminous  plants  are 
enabled  to  assimilate  nitrogen  from  the  atmosphere.  This  explains 
the  reason  why  poor,  sandy  soils  become  gradually  fruitful  when 
pease,  lupine,  and  other  varieties  of  legumes  are  grown  upon  them 
and  then  turned  under  with  the  plough.  It  is  not  known  exactly 
how  this  assimilation  of  nitrogen  occurs,  but  it  is  assumed  that  the 
zoogloea-like  bacteria,  called  bacteroids,  constantly  observed  in  the 
nodules,  either  alone  or  in  a  special  degree,  possess  the  property  of 
assimilating  and  combining  nitrogen.  It  seems,  moreover,  to  have 
been  recently  established  that,  independently  of  the  assistance  of  the 
legumes,  certain  nodule  bacteria  exist  free  in  the  soil,  which  accu- 
mulate nitrogen  by  absorbing  it  from  the  air  (Stutzer). 

Formation  of  Acids  from  Carbohydrates. — Free  acids  are  formed 
by  many  bacteria  in  culture  media  containing  some  form  of  sugar 
or  other  fermentable  carbohydrates  such  as  the  alcohol  mannite ;  the 
production  of  acid  in  ordinary  bouillon  takes  place  on  account  of 
the  presence  of  meat-sugar,  which  is  usually  derived  in  small  quan- 
tities from  the  meat.^     According  to  Theobald  Smith,  all  anaerobic 

*  According  to  Theobald  Smith,  75  per  cent,  of  the  beef  ordinarily  bought  in 
the  markets  contains  appreciable  quantities  of  sugar   (up  to  0.3  per  cent.). 
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or  facultative  anaerobic  bacteria  form  acids  from  sugar;  the  strict 
aerobic  species  do  not,  or  do  so  very  slowly  that  the  acid  is  concealed 
by  the  almost  simultaneous  production  of  alkali.  The  formation  of 
acid  occurs  sometimes  with  and  sometimes  without  the  production  of 
gas.  Excessive  acid  production  may  cause  the  death  of  the  bacteria 
from  the  increase  in  acidity  of  the  culture  media. 

If  after  the  sugar  is  consumed  not  enough  acid  has  been  formed 
to  kill  the  bacteria,  the  acid  is  neutralized  gradually  and  in  the  end 
the  reaction  becomes  less  acid  or  even  alkaline. 

Among  the  acids  produced  the  most  important  is  lactic  acid;  also 
traces  of  formic  acid,  acetic  acid,  propionic  acid,  and  butyric  acid, 
and  not  infrequently  some  ethyl-alcohol  and  aldehyde  or  acetone  are 
formed.  Occasionally  no  lactic  acid  is  present,  and  only  the  other 
acids  are  formed. 

Various  bacteria,  as  yet  incompletely  studied,  possess  the  prop- 
erty of  producing  butyric  acid  and  butyl-alcohol  from  carbohydrates. 
Some   bacteria   also    seem    to  have    the    power   of   decomposing 
cellulose. 

Formation  of  Oas  from  Carbohydrates  and  Other  Fermentable 
Substances  of  the  Fatty  Series. — The  only  gas  produced  in  visible 
quantity  in  sugar-free  culture  media  is  nitrogen.  If  sugar  is  vigor- 
ously decomposed  by  bacteria,  as  long  as  pure  lactic  acid  or  acetic 
acid  is  produced  there  may  be  no  development  of  gas,  as,  for  instance, 
with  the  B.  typhosus  on  grape-sugar;  but  frequently  there  is  mucli 
gas  developed,  especially  in  the  absence  of  air.  About  one-third  of 
the  acid-producing  species  also  develop  gas  abundantly,  this  consist- 
ing chiefly  of  COg,  which  is  always  mixed  with  H. 
Marsh-gas  is  seldom  formed  by  bacteria,  with  the  ex- 
ception of  those  decomposing  cellulose. 

In  order  to  test  the  production  of  gas,  a  culture 
medium  composed  of  solid  or  semi-solid  nutrient-agar, 
containing  about  1  per  cent,  glucose,  lactose  or  other 
carbohydrate,  may  be  used.  At  the  end  of  eight  to 
twelve  hours  in  the  incubator  (or  twenty-four  hours' 
room  temperature)  the  agar  will  be  seen  to  be 
full  of  gas-bubbles  or  broken  up  into  holes  and 
fissures. 

For  the  determination  of  the  quantity  and  kind  of 
gas  produced  by  a  given  microorganism  the  fermen- 
Fermentation  ^^^j^^  ^^^^  recommended  by  Theobald  Smith  is  the 
best.  This  is  a  ben'  tube,  constricted  greatly  at  its 
lowest  portion,  supported  upon  a  glass  base,  as  shown  in  Fig. 
65.  Fermentation  tubes  should  have  the  following  essential  points: 
The  neck  should  be  narrow,  to  prevent  as  far  as  possible  the  diffu- 
sion of  gas ;  this  is  particularly  necessary  to  prevent  the  entrance  of 
oxygen  which  would  of  course  destroy  the  anaerobiosis.  The  bulb 
should  be  large  enough  to  hold  all  the  fluid  in  the  vertical  arm  to- 
gether with  the  amount  normally  in  the  bulb  itself.     The  tube  is 
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filled  with  a  culture  medium  consisting  of  1  per  cent  glucose  peptone 
bouillon  (without  air  bubbles),  and  sterilized  in  the  steam  sterilizer. 
It  is  then  inoculated  with  a  loopful  of  a  culture  of  the  organism  in 
question,  and  observations  taken: 

1.  If  there  is  a  turbidity  produced  in  the  open  bulb  it  indicates 
the  presence  of  an  aerobic  species ;  if  this  clouding  occurs  only  in  the 
closed  arm,  while  the  open  bulb  remains  clear,  it  is  an  anaerobic 
species. 

2.  The  quantity  of  gas  produced  daily  should  be  marked  on  the 
upright  arm ;  if  the  tube  is  graduated  a  note  of  it  is  taken  and  the 
percentage  calculated  on  the  fourth  to  the  sixth  day  after  gas  pro- 
duction has  ceased. 

3.  A  rough  analysis  of  the  gas  produced  may  be  made  as  follows : 
Having  signified  by  a  mark  on  the  tube  the  quantity  of  gas  produced, 
the  open  bulb  is  completely  filled  with  a  10  per  cent,  solution  of 
soda,  the  mouth  tightly  closed  with  the  thumb,  and  the  mixture 
thoroughly  shaken.  After  a  minute  or  two  all  the  gas  is  allowed 
to  rise  to  the  top  of  the  closed  arm  by  inclining  and  turning  the  tube, 
and  then,  removing  the  thumb,  the  volume  of  gas  left  after  the  union 
of  the  NaOH  with  the  COg  is  noted.  The  remainder  is  nitrogen, 
hydrogen,  and  marsh-gas.  If  it  is  desired  to  test  for  the  presence 
of  hydrogen,  the  thumb  is  again  placed  over  the  open  end  and  the 
gas  collected  under  it.  As  the  thumb  is  moved  a  lighted  match  is 
brought  in  contact  with  the  gas.  If  hydrogen  is  present  a  slight 
ex^osion  occurs. 

Formation  of  Acids  from  Alcohol  and  Other  Organic  Acids — 
It  has  long  been  known  that  the  BacteHum  aceti  and  allied  bac- 
teria convert  dilute  solutions  of  ethyl-alcohol  into  acetic  acid  by 
oxidization : 

CH,       +       O,       =       CH,       -f       H2O. 

CH,OH  COOH. 

The  higher  alcohols — ^glycerin,  dulcit,  mannite,  etc. — are  also  con- 
verted into  acids — ^glycerin,  indeed,  as  commonly  as  sugar. 

Finally,  numerous  results  have  been  obtained  from  the  conversion 
of  the  fatty  acids  and  their  salts  into  other  fatty  acids  by  bacteria. 
As  a  rule,  the  lime-salts  of  lactic,  malic,  tartaric,  and  citric  acids 
have  been  employed,  these  being  converted  into  various  acids  by  the 
action  of  bacteria,  as,  for  example,  butyric,  propionic,  valerianic, 
and  acetic  acids;  also  succinic  acid,  ethyl-alcohol,  and,  more  rarely, 
formic  acid  have  been  produced.  The»  gases  formed  were  chiefly 
CO2  and  H. 

Thus  Pasteur  found  that  anaerobic  bacteria  convert  lactate  of  lime 
into  butyric  acid. 

Important  Characteristics  which  should  be  Noted  in  the  Complete 
Study  of  a  Bacterium. — The  accompanying  chart  gives  the  most 
important  points  to  be  investigated.  With  some  varieties  the  cul- 
tural characteristics  are  of  the  greatest  importance,  while  with  others 
pathogenic  or  toxic  effects  occupy  the  chief  place. 
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CHAPTER   VIIL 

THE   EFFECT   OF  VARIOUS   DELETERIOUS   INFLUENCES   UPON 

BACTERIA. 

Influence  of  Electricity  on  Bacteria. — The  majority  of  the  obser- 
vations heretofore  made  on  this  subject  would  seem  to  indicate  that 
there  is  no  direct  action  of  the  galvanic  current  on  bacteria ;  but  the 
effect  of  heat  and  the  electrolytic  changes  in  the  culture  liquid  re- 
sulting from  the  electrolysis  may  destroy  them. 

Influence  of  Agitation. — Meltzer  has  shown  that  the  vitality  of 
bacteria  is  destroyed  by  protracted  and  violent  shaking,  which  causes 
a  disintegration  of  the  cells.  Appel  found  that  moderate  agitation 
of  the  bacteria  caused  no  injury,  even  when  long  continued. 

Influence  of  Pressure. — D'Arsonval  and  Charrin  submitted  a  cul- 
ture of  Bacillus  pyocyaneus  to  a  pressure  of  fifty  atmospheres  under 
carbonic  acid.  At  the  end  of  four  hours  cultures  could  still  be 
obtained,  but  the  bacillus  had  lost  its  power  of  pigment  production. 
A  few  colonies  were  developed  after  six  hours'  exposure  to  this 
pressure,  but  after  twenty-four  hours  no  development  occurred. 

Influence  of  Light. — A  large  number — perhaps  the  majority — of 
bacteria  are  inhibited  in  growth  by  the  action  of  bright  daylight, 
aU  are  by  that  of  direct  sunlight,  and  when  the  action  of  the  latter 
is  prolonged  they  lose  their  power  of  developing  when  later  placed 
in  the  dark. 

In  order  to  test  the  susceptibility  of  bacteria  to  light,*  it  is  best> 
according  to  H.  Buchner,  to  suspend  a  large  number  of  bacteria  in 
nutrient  gelatin  or  agar  and  pour  the  media  while  still  fluid  in  Petri 
dishes,  upon  which  has  been  pasted  a  strip  of  black  paper  on  the  side 
upon  which  the  light  is  to  act.  The  action  of  heat  may  be  excluded 
by  allowing  the  ray  of  light  first  to  pass  through  a  layer  of  water 
or  alum  of  several  centimetres'  thickness.  After  the  plates  have 
been  exposed  to  the  light  for  one-half,  one,  one  and  a  half,  two  hours, 
etc.,  they  are  taken  into  a  dark  room  and  allowed  to  stand  at  20°  or 
35°  C.  a  suflScient  length  of  time  to  allow  of  growth,  and  then  exam- 
ined to  see  whether  there  are  colonies  anywhere  except  on  the  spot 
covered  by  the  paper;  when  the  colonies  exposed  to  the  light  have 
been  completely  destroyed  there  is  lying  in  a  clear  sterile  field  a 
sharply  defined  region  of  the  shape  of  the  paper  strip  crowded  with 
colonies. 

Dieudonne,  in  experiments  upon  the  Bacillus  prodigiosus,  found 
that  direct  simlight  in  March,  July,  and  August  killed  these  bacilli 
in  one  and  a  half  hours ;  in  November  in  two  and  a  half  hours.  Dif- 
fuse daylight  in  March  and  July  restrained  development  after  three 
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and  a  half  hours'  exposure  (in  November  four  and  a  half  hours)' 
and  completely  destroyed  their  vitality  in  from  five  to  six  hours. 
The  electric  arc-light  inhibited  growth  in  five  hours  and  destroyed 
vitality  in  eight  hours.  Incandescent  light  inhibited  growth  in  from 
seven  to  eight  hours  and  killed  in  eleven  hours.  Similar  results 
have  been  obtained  with  B.  colt,  B.  typhosus,  and  B.  anthracis.  Ac- 
cording to  Koch,  the  tubercle  bacillus  is  killed  by  the  action  of  direct 
sunlight  in  a  time  varying  from  a  few  minutes  to  several  hours, 
depending  upon  the  thickness  of  the  layer  exposed  and  the  season  of 
the  year.  Diffuse  daylight  also  had  the  same  effect,  although  a  con- 
siderably longer  time  of  exposure  was  required — ^when  placed  close 
to  a  window,  from  five  to  seven  days. 

Only  the  ultraviolet,  violet,  and  blue  rays  of  the  spectrum  seem  to 
possess  bactericidal  action;  green  light  has  very  much  less;  red 
and  yellow  light  none  at  all.  The  action  of  lijjht  is  aparently 
assisted  by  the  admission  of  air;  anaerobic  species,  like  the  tetanus 
bacillus,  and  facultative  anaerobic  species,  sudi  as  the  colon  bacillus, 
are  able  to  withstand  quite  well  the  action  of  sunlight  in  the  absence 
of  oxygen,  the  B.  coli  intense  direct  sunlight  for  four  hours. 

According  to  Richardson  and  Dieudonn6,  the  mechanism  of  the 
action  of  light  may  be  at  last  partially  explained  by  the  fact  that  in 
agar  plates  exposed  to  light  for  a  short  time  (even  after  ten  minutes' 
exposure  to  direct  sunlight)  hydrogen  peroxide  (H2O2)  is  formed. 
This  is  demonstrated  by  exposing  an  agar  plate  half  covered  with 
black  paper,  upon  whidi  a  weak  solution  of  iodide  of  starch  is  poured, 
and  over  this  again  a  dilute  solution  of  sulphate  of  iron;  the  side 
exposed  to  the  light  turns  blue-black.  In  gases  containing  no  oxy- 
gen, hydrogen  peroxide  is  not  produced,  and  the  light  has  no  injuri- 
ous effect.  Access  of  oxygen  also  explains  the  effect  which  light 
produces  on  culture  media  which  have  been  exposed  to  the  action  of 
sunlight,  as  standing  in  the  sun  for  a  time,  when  afterward  used  for 
inoculation.  The  bacteria  subsequently  introduced  into  such  media 
grow  badly — ^far  worse  than  in  fresh  culture  media  which  are  kept 
in  the  shade. 

Influence  of  BadinnL — Radioactive  fluids  have  a  slight  inhibiting 
effect  on  bacterial  growth,  but  nothing  decided  enough  to  be  used  for 
therapeutic  purposes  has  been  evolved  up  to  the  present  time. 

Influence  of  X-Bays. — These  rays  have  a  slight  inhibiting  effect 
on  bacteria  when  they  are  directly  exposed  to  them. 

Influence  of  One  Species  upon  the  Orowth  of  Another  (Symbiosis 
and  Antagonism). — ^While  it  is  the  custom  of  bacteriologists  to  have 
pure  cultures  to  work  with,  we  should  never  forget  that  in  nature 
bacteria  often  occur  in  mixed  cultures.  If  we  examine  water,  milk, 
or  the  contents  of  the  intestines  of  either  sick  or  healthy  persons  we 
shall  always  find  several  species  of  bacteria  occurring  together. 
This  admixture,  may,  perhaps,  seem  to  us  at  first  merely  incidental, 
but  on  further  investigation  it  will  appear  also  that  in  the  depart- 
ment of  bacteriology  there  exist  synergists,  and  antagonists,  or  at 
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least  bacteria  which  assist  or  oppose  one  another  mutually  or  one- 
sidedly.     Nencki  speaks  of  symbiosis  and  enantobiosis. 

The  existence  of  antagonisms  can  be  demonstrated  experimentally 
by  inoculating  gelatin  streak  cultures  of  various  bacteria.  It  is 
found  that  many  species  will  not  grow  at  all  or  only  sparingly  when 
in  close  proximity  to  some  other  species.  This  antagonism,  however, 
is  often  only  one-sided  in  character ;  for  instance,  the  BacUlus  fluor- 
escens  puiidus  grows  well  when  inoculated  between  streaks  of  staphy- 
lococcus, but  the  latter  micrococcus  will  not  grow  at  all  when  inocu- 
lated between  cultures  of  the  Bacillus  ptdidus,  the  growth  of  the 
staphylococcus  remaining  scanty  when  the  two  species  are  inoculated 
simultaneously.  Again,  when  gelatin  or  agar  plates  are  made 
from  two  different  species  of  bacteria  it  may  be  observed  that 
only  one  of  the  two  grows.  A  third  method  of  making  this  experi- 
ment is  simultaneously  to  inoculate  the  same  liquid  medium  with 
two  species,  and  then  examine  them  later,  both  microscopically  and 
by  making  plate  cultures;  not  infrequently  one  species  may  take 
precedence  of  the  other,  which  it  may  finally  entirely  overcome.  The 
practical  application  of  this  is  to  make  sufficient  dilutions  of  mate- 
rial when  plating  for  the  estimation  of  the  number  of  bacteria  or  the 
isolation  of  pure  cultures. 

Finally,  bacteria  may  oppose  one  another  as  antagonists  in  the 
animal  body.  As  Emmerich  has  shown,  animals  infected  with  an- 
thrax may  often  be  cured  by  a  secondary  infection  with  the  strepto- 
coccus. 

The  symbiotic  or  cooperative  action  of  bacteria  is  of  still  greater 
importance ;  of  this  the  following  examples  may  be  given : 

1.  Some  bacteria  thrive  better  in  association  with  other  species  * 
than  alone.  Brueger  has  recently  shown  that  pneumococei  when 
grown  together  with  a  bacillus  obtained  from  the  throat,  produce 
very  large,  succulent  colonies.  Certain  anaerobic  species  grow  even 
with  the  admission  of  air  if  only  some  aerobic  species  are  present 
(tetanus). 

2.  Certain  chemical  effects,  as,  for  instance,  the  decomposition  of 
nitrates  to  gaseous  nitrogen,  cannot  be  produced  by  many  bacteria 
alone,  but  only  when  two  are  associated. 

3.  Attenuated  varieties  of  bacteria  may  regain  virulence  when 
grown  in  contact  with  other  bacteria. 

Duration  of  Life  in  Pure  Water. — ^When  bacteria  which  require 
much  organic  food  for  their  development  [and  these  include  most  of 
the  pathogenic  species]  are  placed  in  distilled  water  they  soon  die — 
that  is,  within  a  few  days;  even  in  sterilized  well  water  or  surface 
water  their  life  duration  does  not  usually  exceed  eight  to  fourteen 
days,  and  they  rarely  multiply.  Instances,  however,  of  much  more 
extended  life  under  certain  conditions  are  recorded. 

Effect  of  Drying. — Want  of  water  affects  bacteria  in  different 
ways.  TTpon  dried  culture  media  development  soon  ceases;  but  in 
media  dried  gradually  at  the  room  temperature  (nutrient  agar,  gela- 
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tin,  potato)  they  live  often  for  a  long  time,  even  when  there  are  no 
spores  to  account  for  their  longevity.  A  shrunken  residue  of  such 
cultures  in  bouillon  has  often  been  found,  after  a  year  or  more,  to 
yield  living  bacteria.  The  question  as  to  how  long  the  non-spore  bear- 
ing forms  are  capable  of  retaining  their  vitality  when  dried  on  a 
cover-glass  or  silk  threads  has  been  variously  answered.  We  know 
now  that  there  are  many  factors  which  influence  the  retention  of 
vitality.  The  following  table  of  the  results  obtained  by  Sirena  and 
Alessi  gives  some  idea  of  the  extent  and  effect  of  such  influences.  In 
the  experiments  silk  threads  were  saturated  with  bouillon  cultures  or 
aqueous  suspensions  of  the  bacteria,  and  some  then  enclosed  in  tubes 
containing  sulphuric  acid  or  calcium  chloride,  while  others  were  left 
exposed  to  various  outside  influences : 
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The  results  of  all  investigators,  however,  would  seem  to  indicate 
that  the  greatest  possible  care  must  be  exercised  in  desiccation  experi- 
ments to  come  to  any  positive  conclusions;  but  recently  most  aston- 
ishing results  have  been  obtained  with  regard  to  many  species  usually 
supposed  to  be  particularly  sensitive  to  desiccation,  showing  that 
under  certain  conditions  they  may  retain  their  vitality  in  a  dry  state 
for  a  very  long  time.  Thus,  Koch  found  that  cholera  spirilla  lived 
only  a  few  hours  when  dry ;  Kitasato  determined  their  life  duration 
at  fourteen  days  at  most ;  while  various  French  observers  have  f oimd 
that  they  may,  under  favorable  conditions,  live  150  to  200  days. 
The  varying  results  sometimes  reported  by  different  observers  in 
such  experiments  may  be  explained  by  the  fact  that  the  conditions 
under  which  they  were  made  were  different,  depending  upon  the 
desiccator  used,  the  medium  upon  which  the  cultures  were  grown, 
and  the  use  of  silk  threads  or  cover-glasses.  In  all  these  experi- 
ments, of  course,  it  should  be  previously  determined  that  in  spore- 
bearing  species  there  are  no  spores  present.  Even  when  a  dried  cul- 
ture lives  for  a  long  time  the  majority  of  the  organisms  die  in  a  few 
hours  after  drying.  We  have  found  1,500,000  colon  bacilli  to  be 
reduced  to  100,000  after  three  hours'  drying.  When  protected  by 
a  covering  of  mucus,  as  in  expectoration,  they  live  much  longer  than 
when  unprotected. 

Behavior  toward  Oxygen  and  Other  Oases. — As  already  noted 
under  the  nutritious  substances  required  by  bacteria,  it  is  customary 
to  divide  bacteria  into  three  classes,  according  to  their  behavior 
toward  oxygen. 
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1.  Aerobic  Bacteria. — Growth  only  in  the  presence  of  oxygen:  the 
slightest  restriction  of  air  inhibits  development  Spore  formation 
especially  requires  the  free  admission  of  air. 

2.  Anaerobic  Bacteria. — Growth  and  spore  formation  only  in  the 
total  exclusion  of  oxygen.  Among  this  class  of  bacteria  are  the 
bacillus  of  malignant  oedema,  the  tetanus  bacillus,  the  bacillus  of 
symptomatic  anthrax,  and  many  soil  bacteria.  Exposed  to  the 
action  of  oxygen,  the  vegetative  forms  of  these  bacteria  are  readily 
destroyed ;  the  spores,  on  the  contrary,  are  very  resistant  Anaerobic 
bacteria  being  deprived  of  oxygen — the  chief  source  of  energy  sup- 
plied to  the  aerobic  species,  by  which  they  oxidize  the  nutritive  sub- 
stances in  the  culture  media — are  dependent  for  their  nutrition  upon 
decomposable  substances,  such  as  grape-sugar,  which  on  separating 
into  two  smaller  molecules,  alcohol  and  carbonic  acid,  give  out  energy 
or  heat  Anaerobic  bacteria,  therefore,  require  for  their  cultivation, 
as  a  rule,  media  containing  glucose  or  some  equivalent. 

3.  Facnltative  Aerobic  and  Facultative  Anaerobic  Bacteria. — The 
greater  number  of  aerobic  bacteria,  including  most  of  the  pathogenic 
species,  are  capable  of  withstanding,  without  being  seriously  affected, 
some  restriction  in  the  amount  of  oxygen  admitted,  and  many,  in- 
deed, grow  equally  luxuriantly  in  the  partial  exclusion  of  oxygen. 
Life  in  the  animal  body,  for  example,  as  in  the  intestines,  necessi- 
tates existence  with  diminished  supply  .of  oxygen.  Pigment  forma- 
tion almost  always  ceases  with  tiie  exclusion  of  oxygen,  but  poison- 
ous products  of  decomposition  may  be  more  abundantly  produced. 

It  is  important  to  note  that,  according  to  recent  investigations,  it 
has  been  shown  that  the  aerobic  development  of  the  anaerobes  may 
be  facilitated  by  the  presence  of  living  or  dead  aerobes. 

It  has  also  been  observed  not  infrequently  that  certain  species 
which  on  their  isolation  at  first  showed  more  or  less  anaerobic  devel- 
opment— that  is,  a  preference  to  grow  in  the  depth  of  an  agar  stick 
culture,  for  instance — after  a  while  seem  to  b^me  strict  aerobes, 
growing  only  on  the  surface  of  the  medium.  This  observation  proves 
that  the  simple  fact  of  an  organism  showing  aerobic  instead  of  an- 
aerobic growth  is  not  sufficient  for  its  separation  into  a  distinct 
species. 

While  all  facultative  as  well  as  strict  anaerobes  grow  well  in  nitro- 
gen and  hydrogen,  they  behave  very  differently  toward  carbonic  acid 
gas.  A  large  number  of  these  species  do  not  grow  at  all,  being  com- 
pletely inhibited  in  their  development  until  oxygen  is  again  admitted 
— for  example,  B,  anthracis  and  5.  svhtilis  and  other  allied  species. 
It  has  befen  foimd  in  some  species,  as  glanders  and  cholera,  that  the 
majority  of  the  organisms  are  quickly  killed  by  COg,  while  a  few 
offer  a  great  resistance,  rendering  impossible  complete  sterilization 
by  means  of  this  gas.  Another  group,  again — ^viz.,  streptococcus 
and  staphylococcus — exhibits  a  scanty  growth;  while  a  third  group, 
like  the  B.  typhosus  and  B.  prodiqiosus,  is  not  at  all  affected,  grow- 
ing equally  as  well  in  the  presence  of  oxygen,  and  the  liquefactioUj^ 
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even  of  gelatin,  not  being  interfered  with;  only,  on  account  of  the 
lack  of  oxygen,  there  is  no  pigment  formation.  Finally,  a  mixture 
of  one-fourth  air  to  three-fourths  carbonic  acid  gas  seems  to  have 
no  injurious  effect  on  bacteria  which  cannot  grow  in  an  atmosphere 
of  pure  COj. 

Sulphuretted  hydrogen  in  large  quantity  is  a  strong  bacterial  poi- 
son, and  even  in  small  amounts  kills  some  bacteria. 


CHAPTER   IX. 

THE  DESTRUCTION  OF  BACTERIA  BY  CHEMICALS— PRACTICAL 
USE  OF  DISINFECTANTS. 

Many  chemical  substances,  when  brought  in  contact  with  bacteria, 
unite  with  their  cell  substance.  New  compounds  are  thus  formed, 
and  the  life  of  the  bacteria  and  the  disinfecting  properties  of  the 
substances  are  usually  destroyed ;  while  in  the  vegetative  stage  bac- 
teria are  much  more  easily  killed  than  when  in  the  spore  form,  and 
their  life  processes  are  inhibited  by  substances  less  deleterious  than 
those  required  to  destroy  them. 

Bacteria,  both  in  the  vegetative  and  in  the  spore  form,  differ 
among  themselves  considerably  in  their  resistance  to  the  poisonous 
effects  of  chemicals.  The  reason  for  this  is  not  as  yet  clear,  but  is 
apparently  connected  with  the  structure  and  chemical  nature  of  their 
cell  substance. 

Chemicals  are  more  poisonous  at  fairly  high  than  at  a  low  tem- 
perature, and  act  more  quickly  upon  bacteria  when  they  are  sus- 
pended in  fluids  singly  than  when  in  clumps,  and  in  pure  water 
rather  than  in  solutions  containing  organic  matter.  The  increased 
energy  of  disinfectants  at  higher  temperatures  indicates  in  itself  a 
probability  that  a  true  chemical  reaction  takes  place.  In  estimating 
the  extent  of  the  destructive  action  of  chemicals  the  following  degrees 
are  usually  distinguished: 

1.  The  growth  is  not  permanently  interfered  with,  but  the  patho- 
genic and  zymogenic  functions  of  the  organism  are  diminished — 
attentuUion. 

2.  The  organisms  are  not  able  to  multiply,  but  they  are  not  de- 
stroyed— antiseptic  action. 

3.  The  vegetative  development  of  the  organisms  is  destroyed,  but 
not  the  spores — incomplete  sterilization. 

4.  Vegetative  and  spore  formation  are  destroyed.  This  is  com- 
plete sterilization  or  disinfection.^ 

The  methods  employed  for  the  determination  of  the  germicidal 
action  of  chemical  agents  on  bacteria  are^  briefly,  as  follows : 

If  it  is  desired  to  determine  the  minimum  concentration  of 
the  chemical  substance  required  to  produce  complete  inhibition  of 
growth  we  proceed  thus:  A  10  per  cent,  solution  of  the  disinfectant 
is  prepared  and  1  c.c,  0.5  c.c,  0.3  cc,  0.1  cc,  etc.,  of  this  is  added 

'Disinfection  strictly  defined  is  the  destruction  of  all  organisms  and  their 
products  which  are  capable  of  producing  disease.  Sterilization  is  the  destruc- 
tion of  all  saprophytic  as  well  as  parasitic  bacteria.  Practically,  however,  the 
two  terms  are  used  interchangeably  as  meaning  the  destruction  of  all  living 
bacteria. 
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to  10  C.C.  of  liquefied  gelatin,  agar,  or  bouillon,  or,  more  accurately, 
10  c.c.  minus  the  amount  of  solution  added,  in  so  many  tubes.  The 
tubes  then  contain  1  per  cent,  0.5  per  cent.,  0.3  per  cent.,  and  0.1 
per  cent,  of  the  disinfectant  The  fluid  media  in  the  tubes  are  then 
inoculated  with  a  platinum  loopful  of  the  test  bacteria.  The  melted 
agar  and  gelatin  may  be  simply  shaken  and  allowed  to  remain  in  the 
tubes,  and  watched  as  to  whether  any  growth  takes  place,  or  the  con- 
tents of  the  tubes  are  poured  out  into  Petri  dishes,  where  the  devel- 
opment or  lack  of  development  of  colonies  and  the  number  can  be 
observed.  The  same  test  can  be  made  with  material  containing  only 
spores. 

If  it  is  desired  to  determine  the  degree  of  concentration  required 
for  the  destruction  of  vegetative  development,  the  organism  to  be 
used  is  cultivated  in  bouillon,  and  to  each  of  a  series  of  tubes  hold- 
ing in  watery  solution  different  percentages  of  the  disinfectant  a  few 
drops  of  the  culture  from  which  all  lumps  have  been  filtered  are 
added.  At  intervals  of  one,  five,  ten,  fifteen,  and  thirty  minutes, 
one  hour,  and  so  on  a  small  platinum  loopful  of  the  mixture  is  taken 
from  each  tube  and  inoculated  into  10  c.c  of  fluid  agar  or  gelatin, 
from  which  plate  cultures  are  made.  The  results  obtained  are  sig- 
nified as  follows:  x  per  cent  of  the  disinfectant  in  watery  solution 
and  at  x  temperature  kills  the  organism  in  twenty  minutes,  y  per 
cent  kills  in  one  minute,  and  so  on.  If  there  be  any  doubt  whether 
the  trace  of  the  disinfectant  carried  over  with  the  platinum  loops 
may  have  rendered  the  gelatin  unsuitable  for  growth,  thus  falsifying 
results,  control  cultures  should  be  made  with  vigorous  bacteria  in 
gelatin  to  which  a  similar  trace  of  the  disinfectant  has  been  added. 
If  the  strength  of  the  disinfectant  is  to  be  discovered  in  different 
substances  it  must  be  tested  in  these  substances  and  not  in  water. 

The  disinfectant  to  be  examined  should  always  be  dissolved  in  an 
inert  fluid,  such  as  water ;  if  on  account  of  its  being  difficultly  solu- 
ble in  water,  it  is  necessary  to  use  alcohol  for  its  solution,  control 
experiments  may  be  required  to  determine  the  action  of  the  alcohol 
on  the  organism.  Sometimes,  as  in  the  case  of  corrosive  sublimate, 
the  chemical  unites  with  the  cell  substance  to  form  an  unstable  com- 
pound, which  inhibits  the  growth  of  the  organism  only  while  the 
union  exists.  If  this  compound  is  not  broken  up  in  the  media,  it 
will  probably  not  be  in  the  body.  In  some  tests  it  is  of  interest  to 
break  up  this  union  and  note  then  whether  the  organism  is  alive  or 
dead. 

In  the  above  determinations  the  absolute  strength  of  the  disinfect- 
ant required  is  considerably  less  when  culture  media  poor  in  albumin 
are  employed  than  when  the  opposite  is  the  case.  Cholera  spirilla 
grown  in  bouillon  containing  no  peptone  or  only  0.5  per  cent,  of  pep- 
tone are  destroyed  in  half  an  hour  by  0.1  per  cent  of  hydrochloric 
acid ;  grown  in  2  per  cent,  peptone-bouillon  their  vitality  is  destroyed 
in  the  same  time  on  the  addition  of  0.4  per  cent  HCl.  In  any  case 
the  organisms  to  be  tested  should  all  be  treated  in  exactly  the  same 
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way  and  the  results  accompanied  by  a  statement  of  the  conditions 
under  which  the  tests  were  made. 

The  following  table  gives  the  results  and  methods  used  in  an 
actual  experiment  to  test  the  effect  of  blood  serum  upon  the  disin- 
fecting action  of  bichloride  of  mercury  and  carbolic  acid  upon 
bacteria : 

Test  fob  the  Diffebence  of  Effeot  of  Bighlobide  of  Meboubt  and  Cabbolic 

Acn)  Solutions  on  Anthbax  and  Typhod)  Bacilli  in 

Sebum  and  Bouillon. 


Time. 

1' 

8' 

y 

10' 

+ 

20' 

80' 

46' 

Ihr. 

libra. 

2hra. 

A.  Serum 2.5  cc.  ) 

HgCl,8ol.  1:1000  2.5  C.C. 
Anthrax  threads               j 

-h 

4- 

+ 

— 

+ 

— 

— 

— 

f  Solution  equals 
1:2000       bi- 
l     chloride. 

B.  Bouillon 2.5  cc.  ) 

HgCljSol.  1:1000  2.5  C.C. 
Anthrax  threads               J 

— 

il 

— 

— 

— 

— 

— 

— 

— 

— 

Same. 

C.  Serum 2.5  cc.  ) 

Carbolic  sol.  5%  2.6  cc   \ 
TTphoid  threads                j 

+ 

+ 

+ 

4- 

t 

+ 

+ 

— 

- 

— 

f  Solution  equals 
j      2i%  carbolic 

D.  Bouillon 2.5  cc  ) 

Carbolic  sol.  6%  2.5  cc   \ 
Typhoid  threads                 1 

-f 

+ 

+ 

j- 

-f 

+ 

— 

— 

— 

— 

Same 

—  Indicates  total  destruction  of  bacteria  with  no  growth  in  media. 
4-  Indicates  lack  of  destruction  of  bacteria  witli  growth  in  media. 


Pieces  of  sterile  thread  (one  inch)  were  placed  in  bouillon  cul- 
tures of  anthrax  and  typhoid  bacilli  for  ten  minutes,  then  removed 
to  Petri  dishes,  and  dried  in  the  incubator  for  twenty-four  hours. 
These  were  then  placed  in  serum  and  bouillon  respectively  (2.5  cc). 
From  each  a  control  was  taken.  Then  2.5  cc.  HgClg  (1: 1000)  and 
carbolic  solution  (5  per  cent)  was  added  to  either,  as  shown  in  A, 
B,  C,  and  D.  From  each  one  thread  was  taken  at  varying  periods 
of  time  and  planted  in  bouillon  tubes.  The  threads  from  A  and  B 
(HgClg  solution)  were  washed  in  sterile  water,  then  in  a  solution  of 
ammonium  sulphide  (25  per  cent)  to  remove  the  HgClg,  then  in 
sterile  water  again,  then  in  the  bouillon.  The  threads  from  the 
carbolic  solution  were  washed  in  sterile  water  before  planting. 

Observations :  The  serum  seems  to  have  an  inhibitory  action  with 
the  bichloride  solution,  allowing  a  growth  up  to  forty-five  minutes, 
while  with  the  bouillon  the  action  is  much  quicker,  preventing  a 
growth  after  an  exposure  of  one  minute  or  over.  With  the  carbolic 
acid  solution  the  serum  made  less  difference  in  the  results. 

Many  substances  which  are  strong  disinfectants  become  altered 
under  die  conditions  in  which  they  are  used,  so  that  they  lose  a  por- 
tion or  all  of  their  germicidal  properties ;  thus,  quicklime  and  milk 
of  lime  act  by  means  of  their  alkali  and  are  disinfecting  agents  only 
so  long  as  sufficient  calcium  hydroxide  is  present  If  this  is  changed 
by  the  carbon  dioxide  of  the  air  into  carbonate  of  lime  it  becomes 
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harmless.  Bichloride  of  mercury  and  many  other  chemicals  form 
compounds  with  many  organic  and  inorganic  substances,  which, 
though  still  germicidal,  are  much  less  so  than  the  original  substances. 

The  Disinfecting  Properties  of  the  More  Commonly  Used  Disin- 
fectants.^Bichloride  of  Mercury. — This  substance,  which  dissolves  in 
16  parts  of  cold  water,  when  present  in  1  part  in  100,000  in  nutrient 
gelatin  or  bouillon,  inhibits  the  development  of  most  forms  of  bacteria. 
In  water  1  part  in  50,000  will  kill  many  varieties  in  a  few  minutes, 
but  in  bouillon  twenty-four  hours  may  be  needed.  With  organic 
substances  its  power  is  lessened,  so  that  1  part  to  1000  may  be  re- 
quired. Most  spores  are  killed  in  1 :  500  watery  solution  within  one 
hour.  Corrosive  sublimate,  as  already  noted,  is  less  effective  as  a 
germicide  in  alkaline  fluids  containing  much  albuminous  substance 
than  in  watery  solution.  In  such  fluids,  besides  loss  in  other  ways, 
precipitates  of  albuminate  of  mercury  are  formed  which  are  at  first 
insoluble,  so  that  a  part  of  the  mercuric  salt  does  not  really  exert  any 
action.  In  alkaline  solutions,  such  as  blood,  blood  serum,  pus,  tis- 
sue fluids,  eta,  the  soluble  compounds  of  mercury  are  converted  into 
oxides  or  hydroxides.  The  soluble  compounds  can,  of  course,  remain 
in  solution  only  when  there  are  present  sufficient  quantities  of  cer- 
tain bodies  which  render  solution  possible.  Bodies  of  this  sort  are 
especially  the  alkaline  chlorides  and  iodides,  and,  above  all,  sodium 
chloride  and  ammonium  chloride.  A  very  simple  way  of  preventing 
precipitation  of  the  mercury,  then,  is  to  add  a  suitable  quantity  of 
common  salt  to  the  corrosive  sublimate.  Those  compounds  of  mer- 
cury which,  like  the  cyanides,  are  not  precipitated  with  alkalies, 
because  they  at  once  form  double  salts,  require  no  addition  of  salt. 

For  ordinary  use,  where  corrosive  sublimate  is  employed,  solutions 
of  1 :  500  and  1 :  1000  will  suffice,  when  brought  in  contact  with 
bacteria  in  that  strength,  to  kill  the  vegetative  forms  within  from  one 
to  thirty  minutes,  the  stronger  solution  to  be  used  when  mudi  organic 
matter  is  present 

Mercuric  chloride  volatilizes  slowly  and  it  is  better  to  wash  off 
walls  after  use  of  bichloride  solutions.  Bichloride  of  mercury 
should  not  be  kept  in  metal  receptacles. 

Biniodide  of  Mercnry. — This  salt  is  very  similar  in  its  effects  to  the 
bichloride.     It  is  somewhat  more  powerful. 

Nitrate  of  Silver. — Nitrate  of  silver  in  solution  has  about  one-fourth 
the  value  of  the  bichloride  of  mercury  as  a  disinfectant,  but  nearly 
the  same  value  in  inhibiting  growth. 

Sulphate  of  Copper. — This  salt  has  about  50  per  cent,  of  the  value 
of  mercuric  chloride.  It  has  a  quite  remarkable  affinity  for  many 
species  of  algfe,  so  that  when  in  water  1 : 1,000,000  it  destroys  many 
forms ;  1 :  400,000  destroys  typhoid  bacilli  in  twenty-four  hours 
when  the  water  has  no  excessive  amount  of  organic  material.  It  is 
not  known  to  be  poisonous  in  this  strength,  so  that  it  can  be  tempo- 
rarily added  to  water  supplies. 

Snlphate  of  Iron. — This  is  a  much  less  powerful  disinfectant  than 
sulphate  of  copper. 
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Sodium  Oompounds. — ^A  30  per  cent  solution  of  NaOH  kills  anthrax 
spores  in  about  ten  minutes,  and  in  4  per  cent  in  about  forty-five 
minutes.  Sodium  carbonate  kills  spores  with  difficulty  even  in  con- 
centrated solution,  but  at  85°  C.  it  kills  spores  in  from  eight  to  ten 
minutes.  A  5  per  cent  solution  kills  in  a  short  time  the  vegetative 
forms  of  bacteria.  Even  ordinary  soapsuds  have  a  slight  bactericidal 
as  well  as  a  marked  cleansing  effect  The  bicarbonate  has  almost  no 
destructive  effect  on  bacteria. 

Calcium  Oompounds. — Calcium  hydroxide  Ca(0H)2  is  a  powerful 
disinfectant;  the  carbonate,  on  the  other  hand,  is  almost  without 
effect.  The  former  is  prepared  by  adding  one  pint  of  water  to  two 
pounds  of  lime  (quicklime).  Exposed  to  the  air  the  calcium  hydrate 
slowly  becomes  the  inert  carbonate.  A  1  per  cent  watery  solution 
of  the  hydroxide  kills  bacteria  which  are  not  in  the  spore  form  within 
a  few  hours.  A  3  per  cent,  solution  kills  typhoid  bacilli  in  one  hour. 
A  20  per  cent  solution  added  to  equal  parts  of  feces  or  other  filth  and 
mixed  with  them  will  completely  sterilize  them  within  one  hour. 

Bffect  of  Acids. —An  amount  of  acid  which  equals  40  c.c.  of  normal 
hydrochloric  acid  per  litre  is  sufficient  to  prevent  the  growth  of  all 
varieties  of  bacteria  and  to  kill  many.  Twice  this  amount  destroys 
most  bacteria  within  a  short  time.  The  variety  of  acid  makes  little 
difference.  Bulk  for  bulk,  the  mineral  acids  are  more  germicidal 
than  the  v^retable  acids,  but  that  is  because  their  molecular  weight 
is  so  much  less.  A  1 :  500  solution  of  sulphuric  acid  kills  typhoid 
bacilli  within  one  hour.  Hydrochloric  acid  is  about  one-tiiird 
weaker,  and  acetic  acid  somewhat  weaker  still.  Citric,  tartaric, 
malic,  formic,  and  salicylic  acids  are  similar  to  acetic  acid.  Boric 
acid  destroys  the  less  resistant  bacteria  in  2  per  cent,  solution  and 
inhibits  the  otiiers. 

OaseouB  Disinfectants. — The  germicidal  action  of  gases  is  much 
more  active  in  the  presence  of  moisture  than  in  a  dry  condition. 

Numerous  experiments  have  been  made  with  sulphur  dioxide  gas 
fSOg),  owing  to  the  fact  that  it  has  been  so  extensively  used  for  the 
disinfection  of  hospitals,  ships,  apartments,  clotiiing,  etc.  This  gas 
is  a  much  more  active  germicide  in  a  moist  than  in  a  dry  condition ; 
due,  no  doubt,  to  the  formation  of  the  more  active  disinfecting  agent 
— sulphurous  acid  (HgSOg).  In  a  pure  state  anhydrous  sulphur 
dioxide  does  not  destroy  spores,  and  is  not  certain  to  destroy  bacteria 
in  the  vegetative  form.  Sternberg  has  shown  that  the  spores  of  the 
Bacillus  anihracis  and  Bacillus  subtilis  are  not  killed  by  contact  for 
some  time  with  liquid  SOg  (liquefied  by  pressure).  Koch  found 
that  various  species  of  spore-bearing  bacilli  exposed  for  ninety-six 
hours  in  a  disinfecting  chamber  to  the  action  of  SOg,  in  the  propor- 
tion of  from  4  to  6  per  cent,  by  volume,  were  not  destroyed.  In  the 
absence  of  spores,  however,  the  anthrax  bacillus  in  a  moist  condition, 
attached  to  silk  threads,  was  found  by  Sternberg  to  be  destroyed  in 
thirty  minutes  in  an  atmosphere  containing  1  volume  per  cent.  As 
the  result  of  a  large  number  of  experiments  with  SOg  as  a  disinfect- 
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ant  it  has  been  determined  that  an  "  exposure  for  eight  hours  to  an 
atmosjAere  containing  at  least  4  volumes  per  cent  of  this  gas  in  the 
presence  of  moisture  '^  will  destroy  most,  if  not  all,  of  the  pathogenic 
bacteria  in  the  absence  of  spores.  Four  pounds  of  sulphur  burned 
for  each  1000  cubic  feet  will  give  an  excess  of  gas. 

Peroxide  of  hydrogen  (HgOj)  is  an  energetic  disinfectant,  and  in  2 
per  cent  solution  (about  40  per  cent  of  the  ordinary  commercial 
article)  will  kill  the  spores  of  anthrax  in  from  two  to  three  hours. 
A  20  per  cent  solution  of  a  good  commercial  hydrogen  peroxide 
solution  will  quickly  destroy  the  pyogenic  cocci  and  other  spore-free 
bacteria.  It  combines  with  organic  matter,  becoming  inert  It  is 
prompt  in  its  action  and  not  poisonous,  but  apt  to  deteriorate  if  not 
properly  kept 

Chlorine. — Chlorine  is  a  powerful  gaseous  germicide,  owing  its 
activity  to  its  affinity  for  hydrogen  and  the  consequent  release  of 
nascent  oxygen  when  it  comes  in  contact  with  microorganisms  in  a 
moist  condition.  It  is,  therefore,  a  much  more  active  germicide  in 
the  presence  of  moisture  than  in  a  dry  condition.  Thus,  Fischer  and 
Proskauer  found  that  dried  anthrax  spores  exposed  for  an  hour  in 
an  atmosphere  containing  44.7  per  cent,  of  dry  chlorine  were  not 
destroyed;  but  if  the  spores  were  previously  moistened  and  were 
exposed  in  a  moist  atmosphere  for  the  same  time,  4  per  cent,  was 
effective,  and  when  the  time  was  extended  to  three  hours  1  per  cent, 
destroyed  their  vitality.  The  anthrax  bacillus,  in  the  absence  of 
spores,  was  killed  by  exposure  in  a  moist  atmosphere  containing  1 
part  to  2500  for  twenty-four  hours. 

In  watery  solutions  0.2  per  cent  kills  spores  within  five  minutes 
and  the  vegetative  forms  ahnost  immediately. 

Chloride  of  Lime. — Chlorinated  lime  is  made  by  passing  nascent 
chlorine  gas  over  unslaked  lime.  It  should  not  contain  less  than  10 
per  cent,  of  available  chlorine.  Its  efficacy  depends  on  the  chlorine 
it  contains  in  the  form  of  hypochlorites.  The  calcium  hypochlorite 
is  readily  broken  up  into  hypochlorous  acid.  A  solution  in  water 
of  0.5  to  1  per  cent  of  chloride  of  lime  will  kill  most  bacteria  in  one 
to  five  minutes.  A  5  per  cent  solution  usually  destroys  spores 
within  one  hour. 

Bromine  and  iodine  are  of  about  the  same  value  as  chlorine  for 
gaseous  disinfectants,  in  the  moist  condition ;  but,  like  chlorine,  they 
are  not  applicable  for  general  use  in  house  disinfection,  owing  to 
their  poisonous  and  destructive  properties ;  they  have  a  use  in  sewers 
and  similar  places. 

Trichloride  of  iodine  in  0.5  per  cent,  solution  destroys  the  vegeta- 
tive forms  of  bacteria  in  five  minutes. 

Organic  Disinfectants. — ^Alcohol  in  10  per  cent  solution  inhibits 
the  growth  of  bacteria;  absolute  alcohol  kills  bacteria  in  the  vegeta- 
tive form  in  from  several  to  twenty-four  hours. 

Formaldeliyde. — Formaldehyde,  or  formic  aldehyde,  was  isolated 
by  von  Hoffmann  in  1867,  who  obtained  it  by  passing  the  vapors  of 


DESTRUCTION   OF   BACTERIA   BY   CHEMICALS.  105 

methyl-alcohol  mixed  with  air  over  finely  divided  platinimi  heated 
to  redness.  The  methyl-alcohol  is  oxidized  and  produces  formalde- 
hyde as  follows: 

CH,OH  -f  O  =  CH,0  +  HaO. 

Formaldehyde  is  a  gaseous  compoimd  having  the  chemical  formula 
CHgO  and  possessed  of  an  extremely  irritating  odor.  At  a  tempera- 
ture of  68°  F.  the  gas  is  polymerized — ^that  is  to  say,  a  second  body 
is  formed,  composed  of  a  union  of  two  molecules  of  CHjO.  This 
is  known  as  a  paraformaldehyde,  and  is  a  white,  soapy  body,  soluble 
in  boiling  water  and  alcohol.  Formaldehyde  is  sold  in  commerce  as 
a  clear,  watery  liquid  containing  from  33  to  40  per  cent,  of  the  gas 
and  10  to  20  per  cent,  of  methyl-alcohol,  its  chief  impurity.  If  the 
commercial  solution — ordinarily  known  in  the  trade  as  "  formalin  " 
— is  evaporated  or  concentrated  above  40  per  cent,  paraformaldehyde 
results ;  and  when  this  is  dried  in  vacuo  over  sulphuric  acid  a  third 
body — trioxymethylene — is  produced,  consisting  of  three  molecules 
of  CHjO.  This  is  a  white  powder,  almost  soluble  in  water  or  alco- 
hol, and  giving  off  a  strong  odor  of  formaldehyde.  The  solid  poly- 
mers of  formaldehyde,  when  heated,  are  again  reduced  to  the  gaseous 
condition ;  ignited,  they  finally  take  fire  and  bum  with  a  blue  flame, 
leaving  but  little  ash.  When  burned  they  have  no  germicidal 
properties. 

Formaldehyde  has  an  active  affinity  for  many  organic  substances, 
and  forms  with  some  of  them  definite  chemical  combinations.  It 
combines  readily  with  ammonia  to  produce  a  compound  called  hexa- 
methylene  tetramine,  which  possesses  neither  the  odor  nor  the  anti- 
septic properties  of  formaldehyde.  This  action  is  made  use  of  in 
neutralizing  the  odor  of  formaldehyde  when  it  is  desired  to  dispel  it 
rapidly  after  disinfection.  Formaldehyde  also  forms  combinations 
with  certain  aniline  colors — ^viz.,  fuchsin  and  safranin — the  shades  of 
which  are  thereby  changed  or  intensified.  These  dyes  are  tests  for 
aldehydes.  These  are  the  only  colors,  however,  which  are  thus 
affected,  and  as  they  are  seldom  used  in  dyeing,  owing  to  their  lia- 
bility to  fade,  this  effect  is  of  little  practical  significance.  The  most 
delicate  fabrics  of  silk,  wool,  cotton,  fur,  leather,  etc.,  are  unaffected 
in  texture  or  color  by  formaldehyde.  Iron  and  steel  are  attacked, 
after  long  exposure,  by  the  gas  in  combination  with  watery  vapor; 
but  copper,  brass,,  nickel,  zinc,  silver,  and  gilt  work  are  not  at  all 
acted  upon.  Formaldehyde  unites  with  nitrogenous  products  of 
decay — fermentation  or  decomposition — ^forming  true  chemical  com- 
pounds, which  are  odorless  and  sterile.  It  is  thus  a  true  deodorizer 
in  that  it  does  not  replace  one  odor  by  another  more  powerful,  but 
forms  new  chemical  compounds  which  are  odorless.  Formaldehyde 
has  a  peculiar  action  upon  albumin,  which  it  transforms  into  an  in- 
soluble and  indecomposable  substance.  It  renders  gelatin  insoluble 
in  boiling  water  and  most  acids  and  alkalies.  It  is  from  this  prop- 
erty of  combining  chemically  with  the  albuminoids  forming  the 
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protoplasm  of  bacteria  that  formaldehyde  is  supposed  to  derive  its 
bactericidal  powers.  Formaldehyde  is  an  excellent  preservative  of 
organic  products.  It  has  been  proposed  to  make  use  of  this  action 
for  the  preservation  of  meat,  milk,  and  other  food  products;  but, 
according  to  Trillat  and  other  investigators,  formaldehyde  renders 
these  substances  indigestible  and  unfit  for  food.  It  has  been  suc- 
cessively employed  as  a  preservative  of  pathological  and  histological 
specimens. 

There  are  no  exact  experiments  recorded  of  the  physiological 
action  of  formaldehyde  on  the  human  subject  when  taken  internally. 
Slater  and  RideaP  report  that  a  1  per  cent  solution  has  been  taken 
in  considerable  quantity  without  serious  results;  and  trioxymethyl- 
ene  has  been  given  in  doses  up  to  90  grains  as  an  intestinal  anti- 
septic. The  vapors  of  formaldehyde  are  extremely  irritating  to  the 
mucous  membrane  of  the  eyes,  nose,  and  mouth,  causing  profuse 
lacrymation,  coryza,  and  flow  of  saliva.  Aronson  reports  that  in 
many  of  his  experiments  rabbits  and  guinea-pigs  allowed  to  remain 
for  twelve  and  twenty-four  hours  in  rooms  which  were  being  disin- 
fected with  formaldehyde  gas  were  found  to  be  perfectly  well  when 
the  rooms  were  opened.  On  autopsy  the  animals  showed  no  injuri- 
ous effects  of  the  gas.  Others  have  noticed  that  animals,  such  as 
dogs  and  cats,  which  have  accidentally  been  confined  for  any  length 
of  time  in  rooms  undergoing  formaldehyde  disinfection  occasionally 
died  from  the  effects  of  the  gas.  Many  observers,  however,  have 
reported  that  insects,  such  as  roaches,  flies,  and  bedbugs,  are  not,  as 
a  rule,  affected.  The  result  of  these  observations  would  seem  to 
indicate  that  although  formaldehyde  is  comparatively  non-toxic  to 
the  higher  forms  of  animal  life,  nevertheless  a  certain  degree  of 
caution  should  be  observed  in  the  use  of  this  agent  It  is  important 
to  remember  that  formaldehyde  is  practically  inert  as  an  insecticide 
except  in  extremely  great  concentrations. 

The  researches  of  Pottevin  and  Trillat  have  shown  that  the  germ- 
icidal power  of  the  gas  depends  not  only  upon  its  concentration,  but 
also  upon  the  temperature  and  the  condition  of  the  objects  to  be 
sterilized.  As  with  other  gaseous  disinfectants — ^viz.,  sulphur  diox- 
ide and  chlorine — it  has  been  found  that  the  action  is  more  rapid 
and  complete  at  higher  temperatures — i.  e.,  at  35°  to  45°  C.  (95° 
to  120°  F.) — and  when  the  test  objects  are  moist  than  at  lower  tem- 
peratures and  when  the  objects  are  dry.  Still,  it  has  been  repeat- 
edly demonstrated  by  actual  experiment  in  rooms  that  it  is  possible 
to  disinfect  the  surface  of  apartments  and  articles  contained  in  them, 
under  the  conditions  of  temperature  and  moisture  ordinarily  exist- 
ing in  rooms  even  in  winter,  by  an  exposure  of  a  few  hours  to  a 
saturated  atmosphere  of  formaldehyde  gas.  The  results  of  numer- 
ous experiments  have  shown  that  in  the  air  2.5  per  cent  by  volume 
of  the  aqueous  solution,  or  1  per  cent  by  volume  of  the  gas,  are  suf- 
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ficient  to  destroy  fresh  virulent  cultures  of  the  common  pathogenic 
bacteria  in  a  few  minutes. 

Stahl  has  shown  that  bandages  and  iodoform  gauze  can  be  kept 
well  sterilized  by  placing  in  the  jars  containing  them  pieces  of  a 
preparation  of  paraformaldehyde  in  tablet  form  containing  50 
per  cent,  of  formaldehyde.  The  same  experimenter  has  also  suc- 
ceeded in  making  carpets  and  articles  of  clothing  germ-free  by  spray- 
ing them  with  0.5  to  2  per  cent,  solution  of  formaldehyde  for  fifteen 
to  twenty  minutes  without  the  color  of  the  fabrics  being  in  any  way 
aflFected.  The  investigations  of  Trillat,  Aronson,  Pottevin,  and 
others  have  shown  that  a  concentration  of  Koooo  of  the  aqueous  solu- 
tion (40  per  cent.),  equal  to  /^sooo  of  pure  formaldehyde,  was  safe 
and  suflBciently  powerful  to  retard  bacterial  growth. 

A  2  per  cent,  watery  solution  of  formalin  destroys  the  vegetative 
forms  of  bacteria  within  five  to  thirty  minutes.  In  our  experiments 
formalin  has  upon  the  vegetative  forms  about  one-half  the  strength 
of  pure  carbolic  acid. 

Chloroform  (CHCI3). — This  substance,  even  in  pure  form,  does  not 
destroy  spores,  although  it  kills  bacteria  in  vegetative  form,  even  in 
1  per  cent  solution.  Chloroform  is  used  practically  as  an  antiseptic 
in  antitoxic  sera  and  in  blood  serum  for  culture  purposes.  The 
chloroform  is  expelled  from  the  serum  by  heating  it  to  55°  C. 

Iodoform  (CHI3). — This  substance  has  but  very  little  destructive 
action  upon  bacteria ;  indeed,  upon  most  varieties  it  has  no  appreci- 
able effect  whatever.  When  mixed  with  putrefying  matter,  wound 
discharges,  etc.,  the  iodoform  is  reduced  into  soluble  iodine  com- 
pounds, which  partly  act  destructively  upon  the  bacteria  and  partly 
unite  with  the  poisons  already  produced. 

Carbolic  Add  (CeHgOH). — ^Pure  phenol  crystallizes  in  long,  color- 
l^s  crystals.  In  contact  willi  air  it  deliquesces.  It  has  a  penetrat- 
ing odor,  a  burning  taste  and  is  a  corrosive  poison.  It  is  soluble  at 
ordinary  temperatures  in  about  15  parts  of  water.  Carbolic  acid 
dissolves  in  water  with  some  difficulty  and  should  be  therefore  thor- 
ou^ly  mixed.  It  is  not  destructive  to  fabrics,  colors,  metals  or 
wood,  and  does  not  combine  as  actively  with  albuminous  matters  as 
bichloride  of  mercury.  It  is  therefore  more  suitable  for  the  disin- 
fection of  feces,  etc.  A  solution  having  1  part  to  1000  inhibits  the 
growth  of  bacteria;  1  part  to  400  kills  the  less  resistant  bacteria, 
and  1  part  to  100  kills  the  remainder.  A  5  per  cent,  solution  kills 
the  less  resistant  spores  within  a  few  hours  and  the  more  resistant 
in  from  one  day  to  four  weeks.  A  slight  increase  in  temperature 
aids  the  destructive  action;  thus,  even  at  37.5°  spores  are  killed  in 
three  hours.  A  3  per  cent,  solution  kills  streptococci,  staphylococci, 
anthrax  bacilli,  etc.,  within  one  minute.  Carbolic  acid  loses  much 
of  its  value  when  in  solution  in  alcohol  or  ether.  An  addition  of 
0.5  HCl  aids  its  activity.  Carbolic  acid  is  so  permanent  and  so 
comparatively  little  influenced  by  albumin  that  it  is  rightly  widely 
used  in  practical  disinfection  even  in  places  of  more  powerful 
substances. 
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Cresol — Cresol  [CeH4(CH8)OH]  is  the  chief  ingredient  of  the 
so-called  '^  crude  carbolic  acid."  This  is  almost  insoluble  in  water, 
and  therefore  of  restricted  value.  Many  methods  are  used  for  bring- 
ing it  into  solution  so  as  to  make  use  of  its  powerful  disinfecting 
properties.  With  equal  parts  of  crude  sulphuric  acid  it  is  a  power- 
ful disinfectant,  but  it  is,  of  course,  strongly  corrosive.  An  aU{:aline 
emulsion  of  the  cresols  and  other  products  contained  in  "  crude  "  car- 
bolic acid  with  soap  is  called  creolin.  It  is  used  in  1  to  5  per  cent, 
emulsions.  It  is  fully  as  powerful  as  pure  carbolic  acid.  Lysol  is 
similar  to  creolin,  except  that  it  has  more  of  the  cresols  and  less  of 
the  other  products.     It  and  creolin  are  of  about  the  same  value. 

TricresoL — Tricresol  is  a  refined  mixture  of  the  three  cresols  (meta- 
cresol,  paracresol,  and  orthocresol).  It  is  soluble  in  water  to  the 
extent  of  2.5  per  cent  and  its  disinfecting  power  is  about  three  times 
as  great  as  that  of  carbolic  acid. 

Oreolin. — Creolin  contains  10  per  cent  of  cresols  held  in  solution 
by  soap. 

LsTBoL — Lysol  contains  about  50  per  cent,  of  cresols.  It  mixes 
with  water  in  all  dilutions. 

Oil  of  turpentine,  1 :  200,  prevents  the  growth  of  bacteria. 

Camphor  has  very  slight  antiseptic  action. 

Creosote  in  1 :  200  kills  many  bacteria  in  ten  minutes ;  1 :  100 
failed  to  kill  tubercle  bacilli  in  twelve  hours. 

Essential  oils:  Cardeac  and  Meumir  found  that  the  essences  of 
cinnamon,  cloves,  thyme,  and  others  killed  typhoid  bacilli  within  one 
hour.     Sandalwood  required  twelve  hours. 

Thymol  and  eucalyptol  have  about  one-fourth  the  strength  of  car- 
bolic acid  (Behring). 

Oil  of  peppermint  in   1 :  100   solution   prevents  the  growth   of 

bacteria. 

Table  of  Antiseptio  Values.* 


Alum    1:222 

Aluminum  acetate 1 :  6000 

Ammonium   chloride 1:9 

Boric  acid 1 :  143 

Calcium  chloride 1 :  25 


Calcium   hypochlorite 1: 


1000 
333 


ypoch 

Carbolic  acid 1 : 

Chloral  hydrate 1 :  107 

Cupric  sulphate 1 :  2000 

Ferrous  sulphate 1 :  200 

Formaldehyde    (40   ft) 1 :  10,000 

Hydrogen   peroxide 1:20,000 


Mercuric   chloride 1:14,300 

Mercuric  iodide 1 :  40,000 

Potassium  bromide 1 :  10 

Potassium  Iodide 1 :  10 

Potassium  permanganate..   1:300 

Pure  formaldehyde 1:25,000 

Quinine  sulphate 1 :  800 

Silver  nitrate 1 :  12,600 

Sodium  borate 1 :  14 

Sodium    chloride 1:6 

Zinc   chloride. .  t 1 :  600 

Zinc  sulphate 1 :  20 


*  These  figures  are  approximately  correct,  and  represent  the  percentage  of  dis* 
infectant  required  to  be  added  to  a  fluid  containing  considerable  organic  material, 
in  order  permanently  to  prevent  any  bacterial  growth.  Solutions  of  half  the 
given  strength  will  inhibit  the  growth  of  most  bacteria  and  prevent  the  growth 
of  many  varieties. 


CHAPTER   X. 

PRACTICAL  DISINFECTION  AND  STERILIZATION   (HOUSE, 

PERSON,  INSTRUMENTS,  AND  FOOD)— STERILIZATION 

OF  MILK  FOR  FEEDING  INFANTS. 

DISINFECTANTS  AND  METHODS  OF  DISINFEOTION  EMPLOYED 
IN  THE  HOUSE  AND  SIOE-BOOM. 

Disinfection  and  Disinfectants. — Sunlight,  pure  air,  and  cleanli- 
ness are  always  very  important  agents  in  maintaining  health  and  in 
protecting  the  body  against  many  forms  of  illness.  When,  however, 
it  becomes  necessary  to  guard  against  such  special  dangers  as  accu- 
mulated filth  or  contagious  diseases,  disinfection  and  general  clean- 
ing up  are  essential.  In  order  that  disinfection  shall  affqrd  com- 
plete protection  it  must  be  thorough ;  and  perfect  cleanliness  is  bet- 
ter, even  in  the  presence  of  contagious  disease,  than  filth  with  poor 
disinfection. 

Since  all  forms  of  fermentation,  decomposition,  and  putrefaction, 
as  well  as  the  infectious  and  contagious  diseases,  are  caused  by  micro- 
organisms, it  is  the  object  of  disinfection  to  kill  these.  Decomposi- 
tion and  putrefaction  should  at  all  times  be  prevented  by  the  imme- 
diate destruction  or  removal  from  the  neighborhood  of  tie  dwelling 
of  all  useless  putrescible  substances.  In  order  that  as  few  articles 
as  possible  shall  be  exposed  to  the  germs  causing  the  contagious  dis- 
eases, and  thus  become  carriers  of  infection,  it  is  important  that  all 
articles  not  necessary  for  immediate  use  in  the  care  of  the  sick  per- 
son, especially  upholstered  furniture,  carpets,  and  curtains,  should 
be  removed  from  the  room  before  placing  the  sick  person  in  it. 

Agents  for  Cleansing  and  Disinfection. — ^Too  much  emphasis 
cannot  be  placed  upon  the  importance  of  cleanliness,  both  as  regards 
the  person  and  the  dwelling,  in  preserving  health  and  protecting  the 
body  from  all  kinds  of  infectious  disease.  Sunlight  and  fresh  air 
should  be  freely  admitted  through  open  windows,  and  personal  clean- 
liness should  be  attained  by  frequently  washing  the  hands  and  body. 

Cleanliness  in  dwellings,  and  in  all  places  where  men  go,  may, 
under  ordinary  circumstances,  be  well  maintained  by  the  use  of  the 
two  following  solutions : 

1.  Soapsnds  Solution. — For  simple  cleansing,  or  for  cleansing  after 
the  method  of  disinfection  by  chemicals  described  below,  one  ounce 
of  common  soda  should  be  added  to  twelve  quarts  of  hot  soapsuds 
(soft  soap  and  water). 

2.  Strong  Soda  Solution — This,  which  is  a  stronger  and  more  effec- 
tive cleansing  solution  and  also  a  feeble  disinfectant,  is  made  by 
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dissolving  one-half  pound  of  common  soda  in  three  gallons  of  hot 
water.  The  solution  thus  obtained  should  be  applied  by  scrubbing 
with  a  hard  brush. 

When  it  becomes  necessary  to  arrest  putrefaction  or  to  prevent  the 
spread  of  contagious  diseases  by  surely  killing  the  living  germs  which 
cause  them,  more  powerful  agents  must  be  employed  than  those  re- 
quired for  simple  cleanliness,  and  these  are  commonly  called  disin- 
fectants.    The  following  are  some  of  the  most  reliable  ones : 

3.  Heat—Complete  destruction  by  fire  is  an  absolutely  safe  method 
of  disposing  of  infected  articles  of  small  value,  but  continued  high 
temperatures  not  as  great  as  that  of  fire  will  destroy  all  forms  of  life ; 
thus,  boiling  or  steaming  in  closed  vessels  for  one-half  hour  will 
absolutely  destroy  all  disease  germs. 

4.  Carbolic  Acid  Solution. — Dissolve  six  ounces  of  carbolic  acid  in 
one  gallon  of  hot  water  (200  grams  in  4000  c.c).  This  makes  ap- 
proximately a  5  per  cent,  solution  of  carbolic  acid,  which,  for  many 
purposes,  may  be  diluted  with  an  equal  quantity  of  water.  The 
commercial  "  soluble  crude  carbolic  acid  "  can  be  used  instead  of  the 
pure  carbolic  acid  for  privies  and  drains.  It  makes  a  white  emul- 
sion on  account  of  its  not  entering  readily  into  solution.  Care  must 
be  taken  that  the  pure  acid  does  not  come  in  contact  with  the  skin. 

6.  Bichloride  Solution  (bichloride  of  mercury  or  corrosive  subli- 
mate).— Dissolve  sixty  grains  of  pulverized  corrosive  sublimate  and 
two  tablespoonfuls  of  common  salt  in  one  gallon  of  hot  water.  This 
solution,  which  is  approximately  1 :  1000,  must  be  kept  in  glass, 
earthen,  or  wooden  vessels  (not  in  metal  vessels).  For  safety  it  is 
well  to  cover  the  solution. 

The  carbolic  and  bichloride  solutions  are  very  poisonous  when 
taken  by  the  mouth,  but  are  harmless  when  used  externally. 

6.  Milk  of  Lime. — This  mixture  is  made  by  adding  one  quart  of 
dry,  freshly  slaked  lime  to  four  or  five  quarts  of  water.  (Lime  is 
slaked  by  pouring  a  small  quantity  of  water  on  a  lump  of  quicklime. 
The  lime  becomes  hot,  crumbles,  and  as  the  slaking  is  completed  a 
white  powder  results.  The  powder  is  used  to  make  milk  of  lime.) 
Air-slaked  lime  (the  carbonate)  has  no  value  as  a  disinfectant. 

7.  Dry  " Chloride  of  Lime." — This  must  be  fresh  and  kept  in  closed 
vessels  or  packages.  It  should  have  the  strong,  pungent  odor  of 
chlorine. 

8.  Formalin. — Add  1  part  of  formalin  to  10  of  water.  This  equals 
in  value  the  5  per  cent  carbolic  acid  solution. 

9.  Creolin,  Tricresol,  and  Lysol.^ — The  first  is  of  about  the  same  value 
as  pure  carbolic  acid,  the  latter  two  about  three  times  as  powerful. 

The  proprietary  disinfectants,  which  are  so  often  widely  adver- 
tised and  whose  composition  is  kept  secret,  are  relatively  expensive 
and  often  unreliable  and  inefficient.  It  is  important  to  remember 
that  substances  which  destroy  or  disguise  bad  odors  are  not  neces- 
sarily disinfectants,  and  that  there  are  very  few  disinfectants  that 
are  not  poisonous  when  taken  internally. 
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[Note. — The  cost  of  the  pure  carbolic  acid  solution  is  much 
greater  than  that  of  most  of  tiie  other  solutions,  but  except  for  the 
disinfection  of  the  skin,  which  in  some  persons  it  irritates,  and  of 
woodwork,  it  is  generally  much  to  be  preferred  by  those  not  thor- 
oughly familiar  with  disinfectants,  as  it  does  not  deteriorate,  and 
is  rather  more  uniform  in  its  action  than  some  of  the  other 
disinfectants.] 

Methods  of  Disinfection  in  Infections  and  Contagions  Diseases. — 
The  diseases  to  be  commonly  guarded  against,  outside  of  surgery,  by 
disinfection  are  scarlet  fever,  measles,  diphtheria,  tuberculosis,  small- 
pox, typhoid  and  typhus  fever,  bubonic  plague  and  cholera. 

1.  Hands  and  Person. — Dilute  the  5  per  cent  carbolic  solution  with 
an  equal  amount  of  water  or  use  the  1 :  1000  bichloride  solution  with- 
out dilution.  Hands  soiled  in  caring  for  persons  suffering  from  con- 
tagious diseases,  or  soiled  portions  of  the  patient's  body,  should  be 
immediately  and  thoroughly  washed  with  one  of  these  solutions  and 
then  washed  with  soap  and  water,  and  finally  immersed  again  in  the 
solutions.  The  nails  should  always  be  kept  perfectly  clean.  Before 
eating,  the  hands  should  be  first  washed  in  one  of  the  above  solu- 
tions, and  then  thoroughly  scrubbed  with  soap  and  water  by  means 
of  a  brush. 

2.  Soiled  clothing,  towels,  napkins,  bedding,  etc.,  should  be  immedi- 
ately immersed  in  the  carbolic  solution,  in  the  sick-room,  and  soaked 
for  one  or  more  hours.  They  should  then  be  wrung  out  and  boiled 
in  the  soapsuds  solution  for  twenty  minutes.  Articles  such  as  beds, 
woollen  clothing,  etc.,  which  cannot  be  washed,  should  at  the  end  of 
the  disease  be  referred  to  the  Health  Department,  if  such  is  within 
reach,  for  disinfection  or  destruction ;  or  if  there  is  no  public  disin- 
fection, these  goods  should  be  thoroughly  exposed  to  formaldehyde 
gas,  as  noted  later. 

3.  Pood  and  Drink. — ^Food  thoroughly  cooked  and  drinks  that  have 
been  boiled  are  free  from  disease  germs.  Food  and  drinks,  after 
cooking  or  boiling,  if  not  immediately  used,  should  be  placed  when 
cool  in  clean  dishes  or  vessels  and  covered.  In  the  presence  of  an 
epidemic  of  cholera  or  typhoid  fever,  milk  and  water  used  for  drink- 
ing, cooking,  washing  dishes,  etc.,  should  be  boiled  before  using,  and 
all  persons  should  avoid  eating  uncooked  fruit  and  fresh  vegetables. 
Instead  of  boiling,  milk  may  be  heated  to  80°  C.  for  twenty  minutes. 

4.  Discharges  of  all  kinds  from  the  month,  nose,  bladder,  and  bowels 
of  patients-  suffering  from  contagious  diseases  should  be  received  into 
glass  or  earthen  vessels  containing  the  carbolic  solution,  or  milk  of 
lime,  or  they  should  be  removed  on  pieces  of  cloth,  which  are  imme- 
diately immersed  in  one  of  these  solutions  or  destroyed  by  fire. 
Special  care  should  be  observed  to  disinfect  at  once  the  vomited  mat- 
ter and  the  intestinal  discharges  from  cholera  patients.  In  typhoid 
fever  the  urine  and  the  intestinal  discharges,  and  in  diphtheria, 
measles,  and  scarlet  fever  the  discharges  from  the  throat  and  nose 
all  carry  infection  and  should  be  treated  in  the  same  manner.     The 
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volume  of  the  solution  used  to  disinfect  discharges  should  be  at  least 
twice  as  great  as  that  of  the  discharge,  and  should  completely  mix 
with  it  and  cover  it  After  standing  for  an  hour  or  more  the  disin- 
fecting solution  with  the  discharges  may  be  thrown  into  the  water- 
closet  Cloths,  towels,  napkins,  bedding,  or  clothing  soiled  by  the 
discharges  must  be  at  once  placed  in  the  carbolic  solution,  and  the 
hands  of  the  attendants  disinfected,  as  described  above.  In  con- 
valescence from  measles  and  scarlet  fever  the  scales  from  the  skin 
are  also  carriers  of  infection.  To  prevent  the  dissemination  of  dis- 
ease by  means  of  these  scales  the  skin  should  be  carefully  washed 
daily  in  warm  soap  and  water.  After  use  the  soapsuds  should  be 
disinfected  and  thrown  into  the  water-closet. 

Masses  of  feces  are  extremely  difficult  to  disinfect  except  on  the 
surface,  for  it  takes  disinfectants  such  as  the  carbolic  acid  solution 
some  twelve  hours  to  penetrate  to  their  interior.  If  fecal  masses  are 
to  be  thrown  into  places  where  the  disinfectant  solution  covering 
them  will  be  washed  oiF,  it  will  be  necessary  to  be  certain  that  the 
disinfectant  has  previously  penetrated  to  all  portions  and  destroyed 
the  disease  germs.  This  can  be  brought  about  by  stirring  them  with 
the  disinfectant  and  allowing  the  mixture  to  stand  for  one  hour,  or 
by  washing  them  into  a  pot  holding  soda  solution  which  is  already 
at  the  boiling  temperature,  or  later  will  be  brought  to  one. 

5.  Sputum  from  Oonsnmptive  Patients. — The  importance  of  the 
proper  disinfection  of  the  sputum  from  consimiptive  patients  is  still 
underestimated.  Consumption  is  an  infectious  disease,  and  is  al- 
ways the  result  of  transmission  from  the  sick  to  the  healthy  or  from 
animals  to  man.  The  sputum  contains  the  germs  which  cause  the 
disease,  and  in  a  large  proportion  of  cases  is  the  source  of  infection. 
After  being  discharged,  unless  properly  disposed  of,  it  may  become 
dry  and  pulverized  and  float  in  the  air.  as  dust  This  dust  contains 
the  germs,  and  is  a  common  cause  of  the  disease,  through  inhalation. 
In  all  cases,  therefore,  the  sputum  should  be  disinfected  when  dis- 
charged. It  should  be  received  in  covered  cups  containing  the  car- 
bolic or  milk-of-lime  solution.  Handkerchiefs  soiled  by  it  should 
be  soaked  in  the  carbolic  solution  and  then  boiled.  Dust  from  the 
walls,  mouldings,  pictures,  etc.,  in  rooms  that  have  been  occupied  by 
consumptive  patients,  where  the  rules  of  cleanliness  have  not  been 
carried  out,  contain  the  germs  and  will  produce  tuberculosis  in  ani- 
mals when  used  for  their  inoculation;  therefore,  rooms  should  be 
thoroughly  disinfected  before  they  are  again  occupied.  If  the  spu- 
tum of  all  consumptive  patients  were  destroyed  at  once  when  dis- 
charged a  large  proportion  of  the  cases  of  the  disease  would  be 
prevented. 

6.  Closets,  Kitchen  and  Hallway  Sinks,  etc. — The  closet  should  never 
be  used  for  infected  discharges  imtil  they  have  been  thoroughly  dis- 
infected, if  it  can  be  avoided ;  if  done,  one  quart  of  carbolic  solution 
or  of  5  per  cent  solution  of  formalin  should  be  poured  into  the  pan 
(after  it  is  emptied)  and  allowed  to  remain  there.  Sinks  should  be 
flushed  at  least  once  daily. 
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7.  Dishes,  knives,  forks,  spoons,  etc.,  used  by  a  patient  should,  as  a 
rule,  be  kept  for  his  exclusive  use  and  not  removed  from  the  room. 
They  should  be  washed  first  in  the  carbolic  solution,  then  in  boiling 
hot  soapsuds,  and  finally  rinsed  in  hot  water.  These  washing  fluids 
should  afterward  be  thrown  into  the  water-closet.  The  remains  of 
the  patient's  meals  may  be  burned  or  thrown  into  a  vessel  containing 
the  carbolic  solution  or  milk  of  lime,  and  allowed  to  stand  for  one 
hour  before  being  thrown  away. 

8.  Booms  and  Their  Contents. — ^Rooms  which  have  been  occupied  by 
persons  suflFering  from  contagious  disease  should  not  be  again  occu- 
pied until  they  have  been  thoroughly  disinfected.  For  this  purpose 
either  careful  fumigation  with  formaldehyde  gas  or  sulphur  should 
be  employed,  or  this  combined  with  the  following  procedure:  Car- 
pets, curtains,  and  upholstered  furniture  which  have  been  soiled  by 
discharges,  or  which  have  been  exposed  to  infection  in  the  room  dur- 
ing the  illness,  will  be  removed  for  disinfection  to  chambers  where 
they  can  be  exposed  to  formaldehyde  gas  and  moderate  warmth  foi* 
twelve  to  twenty-four  hours,  or  to  steam.  Some  carpets,  such  as 
many  Wiltons,  are  discolored  by  moist  steam.  These  must  be  put 
in  the  formaldehyde  chamber.  Woodwork,  floors,  and  plain  furni- 
ture will  be  thoroughly  washed  with  the  soapsuds  and  bichloride 
solutions.  After  disinfection  is  finished  it  is  well  to  remove  the 
dried  bichloride  of  mercury  from  the  walls. 

9.  Bags,  cloths,  and  artides  of- small  value,  which  have  been  soiled 
by  discharges  or  infected  in  other  ways,  should  be  boiled  or  burned. 

10.  In  case  of  death  the  body  should  be  completely  wrapped  in 
several  thicknesses  of  cloth  wrung  out  of  the  carbolic  or  bichloride 
solution,  and  when  possible  placed  in  an  hermetically  sealed  coffin. 

It  is  important  to  remember  that  an  abundance  of  fresh  air,  sun- 
light, and  absolute  cleanliness  not  only  helps  protect  the  attendants 
from  infection  and  aids  in  the  recovery  of  the  sick,  but  directly 
destroys  the  bacteria  which  cause  disease. 

Methods  of  Cleanliness  and  Disinfection  to  Prevent  the  Occurrence 
of  Illness. — 1.  Water-closet  bowls  and  all  receptacles  for  human  excre- 
ment should  be  kept  perfectly  clean  by  frequent  flushing  with  a  large 
quantity  of  water,  and  as  often  as  necessary  disinfected  with  the 
carbolic,  bichloride,  or  other  efiicient  solutions.  The  woodwork 
around  and  beneath  them  should  be  frequently  scrubbed  with  the 
hot  soapsuds  solution. 

2.  Sinks  and  the  woodwork  around  and  the  floor  beneath  them  should 
be  frequently  and  thoroughly  scrubbed  with  the  hot  soapsuds  solu- 
tion. 

3.  School  Sinks. — School  sinks  should  be  thoroughly  flushed  with  a 
large  quantity  of  water  at  least  twice  daily,  and  should  be  carefully 
cleaned  twice  a  week  or  oftener  by  scrubbing.  Several  quarts  of  the 
carbolic  solution  should  be  frequently  thrown  in  the  sink  after  it  has 
been  flushed. 
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4.  Cesspools  and  Privy  Vaidts — An  abundance  of  milk  of  lime  or 
chloride  of  lime  should  be  thrown  into  these  daily,  and  their  con- 
tents should  be  frequently  removed. 

5.  Cellars  and  rooms  in  cellars  are  to  be  frequently  whitewashed,  and, 
if  necessary,  the  floors  sprinkled  with  dry  chloride  of  lime.  Areas 
and  paved  yards  should  be  cleaned,  scrubbed,  and,  if  necessary, 
washed  with  the  bichloride  solution.  Street  gutters  and  drains 
should  be  cleaned  and,  when  necessary,  sprinkled  with  chloride  of 
lime  or  washed  with  milk  of  lime. 

6.  Air-shafts. — Air-shafts  should  be  first  cleaned  thoroughly  and 
then  whitewashed.  To  prevent  tenants  tlirowing  garbage  down  air- 
shafts  it  is  sometimes  advisable  to  put  wire  netting  outside  of  win- 
dows opening  on  shafts.  Concrete  or  asphalt  bottoms  of  shafts 
should  be  cleaned  and  washed  with  the  bichloride  solution  or 
sprinkled  with  chloride  of  lime. 

9.  Hydrant  sinks,  garbage  receptacles,  and  garbage  and  oyster-sbell 
■chutes  and  receptacles  should  be  cleaned  daily  and  sprinkled  with  dry 
chloride  of  lime. 

8.  Eefrigerators  and  the  surfaces  aronnd  and  beneath  them,  dumb- 
waiters, etc.,  may  be  cleaned  by  scrubbing  them  with  the  hot  soapsuds 
solution. 

7.  Traps. — All  traps  should  be  flushed  daily  with  an  abundance  of 
water.  If  at  any  time  they  become  foul  they  may  be  cleaned  by 
pouring  considerable  quantities  of  the  hot  strong  soda  solution  into 
them,  followed  by  the  carbolic  or  formalin  solution. 

10.  Urinals  and  the  floors  aronnd  and  beneath  them  should  be  cleaned 
twice  daily  with  the  hot  soapsuds  solution,  and  in  addition  to  this,  if 
offensive,  they  may  be  disinfected  with  the  carbolic  solution. 

11.  Stable  Floors  and  Manure  Vaults. — Stable  floors  should  be  kept 
clean  and  occasionally  washed  with  the  hot  soapsuds  or  the  hot  strong 
soda  solution.  Powdered  fresh  chloride  of  lime  may  be  used  in 
manure  vaults. 

12.  Vacant  rooms  should  be  frequently  aired. 

13.  The  woodwork  in  school-houses  should  be  scrubbed  weekly  with 
hot  soapsuds.  This  refers  to  floors,  doors,  door-handles,  and  all 
woodwork  touched  by  the  scholars'  hands. 

14.  Spittoons  in  all  public  places  should  be  emptied  daily  and  washed 
with  the  hot  soapsuds  solution,  after  which  a  small  quantity  of  the 
carbolic  solution  or  milk  of  lime  should  be  put  in  the  vessel  to  receive 
the  expectoration. 

15.  Cars,  Ferry-boats,  and  Public  Conveyances. — The  floors,  door- 
handles, railings,  and  all  parts  touched  by  the  hands  of  passengers 
should  be  washed  frequently  with  the  hot  soapsuds  solution.  Slat- 
mats  from  cars,  etc.,  should  be  cleaned  by  scrubbing  with  a  stiff 
brush  in  the  hot  soapsuds  solution. 

Telephone  receiver  mouth-pieces  should  also  be  frequently 
cleansed. 

Use  of  Bromine  Solution  as  a  Deodorant. — Slaughter-houses, 
butchers'  ice-boxes  and  wagons,  trenches,  excavations,  stable  floors. 
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manure-vaults,  dead  animals,  offal,  offal  docks,  etc.,  may  be  deodor- 
ized by  a  weak  solution  of  bromine,  which  is  a  valuable  agent  for 
this  purpose.  The  bromine  solution,  however,  is  only  temporary  in 
its  action,  and  must  be  used  repeatedly.  It  should  be  applied  by 
sprinkling.  Although  somewhat  corrosive  in  its  action  on  metals, 
it  is  otherwise  harmless. 

The  solution  of  bromine  must  be  prepared  with  great  care,  as  Ibe 
pure  bromine  from  which  it  is  made  is  dangerous.  It  is  very  caustic 
when  brought  in  contact  with  the  skin;  it  is  volatile  and  its  fumes 
are  very  irritating  when  inhaled.  To  prepare  the  solution  an  ounce 
bottle  of  liquid  bromine  is  dropped  into  three  gallons  of  water,  and 
broken  under  the  water  and  thoroughly  stirred. 

The  Practical  Employment  of  Formialdehyde  and  Sulphur  Dioxide 
Oases  in  the  Surface  Disinfection  of  Rooms  and  the  Disinfection  of 
Goods  which  would  be  Injured  by  Heat. — ^Formaldehyde  gas  has 
come  into  such  general  use,  and  is  for  many  purposes  so  valuable, 
that  the  description  of  methods  employed  to  generate  and  use  it  will 
be  given  in  detail. 

If  we  consider  now  the  practical  application  of  formaldehyde  gas 
for  purposes  of  disinfection  we  find  that  its  destructive  action  on 
microorganisms  depends  upon  a  number  of  factors,  the  chief  of 
which  are  its  concentration  in  the  surrounding  atmosphere,  the 
length  of  the  contact,  the  existing  temperature,  the  accompanying 
moisture,  and  the  nature  of  the  organism. 

The  necessary  concentration  of  gas  in  the  surrounding  atmos- 
phere to  kill  the  microorganisms  varies  with  each  species,  for  some 
resist  chemical  agents  much  more  than  others,  and  also  with  the  free- 
dom of  access  of  the  gas  to  the  bacteria,  for  if  they  are  under  cover 
or  within  fabrics  a  greater  amount  of  gas  must  be  generated  than  if 
they  are  freely  exposed. 

For  purely  surface  disinfection,  when  the  less  resistant  bacteria  or 
other  microorganisms  are  to  be  destroyed,  there  will  be  required, 
according  to  the  method  used,  six  to  ten  ounces  of  formalin  of  full 
strength,  or  its  equivalent,  to  1000  cubic  feet  of  air  space. 

For  the  destruction  of  the  more  resistant  but  non-spore  bearing 
forms,  such  as  typhoid  fever  or  tubercle  bacilli,  at  least  twelve 
ounces  of  formalin  should  be  used.  The  gas  penetrates  through 
fabrics  with  difiiculty,  and  to  pass  through  heavy  goods  the  concen- 
tration of  the  gas  must  be  doubled  and  moderate  heat  added  (45°  C. 
or  above). 

Value  of  Moisture. — At  first  it  was  thought  that  formaldehyde  gas 
acted  more  effectually  in  a  dry  atmosphere,  but  further  investigation 
has  proved  that,  although  it  does  destroy  bacteria  with  the  amount 
of  moisture  usually  present  in  the  air,  and  contained  in  their  own 
substance,  it  acts  much  more  powerfully  and  certainly  when  addi- 
tional moisture  is  present,  and  best  when  present  up  to  the  point  of 
saturation.  The  actual  spraying  with  water  of  walls  and  goods  to  be 
disinfected  is  even  more  efficacious. 
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A  fairly  high  temperature — ^but  one  still  below  that  which  would 
injure  delicate  fabrics — increases  not  only  the  activity  of  formalde- 
hyde gas,  but  also  its  penetrative  power,  and  for  heavy  goods  it  is 
essential.  The  production  of  a  partial  vacuum  in  the  chambers 
before  the  introduction  of  the  formaldehyde  gas  still  further  assists 
its  penetration. 

The  length  of  exposure  necessary  for  complete  disinfection  de- 
pends upon  the  nature  of  the  disease  for  which  it  is  carried  out — the 
penetration  required,  the  concentration  of  the  gas  used,  the  amount 
of  moisture  in  the  air,  the  temperature  of  the  air,  and  the  size  and 
shape  of  the  room.  For  surface  disinfection  in  rooms,  when  as 
much  as  twelve  ounces  of  formalin  are  used  for  each  1000  cubic  feet, 
five  hours'  exposure  is  amply  sufficient,  most  bacteria  being  killed 
within  the  first  few  minutes.  For  the  destruction  of  microorganisms 
protected  by  even  a  layer  of  thin  covering,  double  the  formalin  and 
double  the  time  of  exposure  should  be  allowed,  and  even  then  the 
killing  of  many  species  of  non-spore  bearing  bacteria  cannot  be 
counted  upon  in  ordinary  rooms.  When  absolutely  complete  disin- 
fection is  demanded,  where  penetration  of  gas  is  required,  the  goods 
must  be  placed  in  chambers  where  moderate  heat  can  be  added  and 
all  leakage  of  gas  prevented. 

Various  forms  of  apparatus  can  be  properly  employed  to  liberate 
formaldehyde  gas  for  purposes  of  disinfection.  There  are  two  essen- 
tials to  any  good  method — ^namely,  that  the  formaldehyde  gas  is 
given  off  quickly,  and  that  there  is  no  great  loss  by  deterioration  of 
the  formalin. 

Wood  Alcohol. — A  number  of  lamps  have  been  devised,  all  very 
mudi  on  the  same  principle,  though  varying  somewhat  in  mechanical 
construction,  which  bring  about  tJie  incomplete  oxidation  of  methyl- 
alcohol  by  passing  the  vapors  mixed  with  air  over  the  incandescent 
metal.  Although  disinfection  can  be  carried  out  by  the  best  of  these 
lamps,  in  our  experience  none  of  them  up  to  the  present  time  are 
satisfactory  or  economical.  They  may  -be  very  useful  as  deodorizers 
in  the  sick-room  or  other  places. 

The  same  principle  is  used  efficiently  in  another  form.  The  vapor 
of  wood  alcohol  is  passed  over  surfaces  of  asbestos  containing  par- 
ticles of  finely  divided  platinum.  This  apparatus  has  given  very 
good  results,  and  for  a  given  amount  of  disinfection  leaves  less  odor 
of  formaldehyde  gas  in  the  room  than  any  other.  The  apparatus  is, 
however,  bulky  and  expensive. 

Formalin  by  Boiling  and  Passing  the  Vapor  through  a  Super- 
heated Coil  or  Chamber. — This  system  consists  in  heating  the  ordi- 
nary commercial  formalin  to  a  temperature  of  about  260°  C. 
(500°  F.)  in  an  incandescent  copper  coil  or  chamber,  and  allowing 
the  vapors  to  pass  off  freely.  It  is  claimed  for  this  method  that  the 
degree  of  heat  necessary  to  break  up  the  polymerized  products  formed 
is  supplied,  and  thus  a  loss  of  formaldehyde  is  prevented.  A  further 
action  of  the  intense  heat  in  the  copper  tube  on  the  solution  is  to  par- 
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Fig.  66 


tially  convert  the  methyl-alcohol  contained  in  commercial  forma- 
lin into  formaldehyde  gas  by  partial  oxidation,  thereby  utilizing 
a  part  of  the  methyl  alcohol  and  increasing  the  amount  of  for- 
maldehyde. 

The  apparatus  consists  of  a  closed  receiver  of  copper  holding  about 
a  gallon,  a  coil  of  copper  pipe  attached  at  one  end  to  the  bottom  of 
the  receiver,  and  at  the  other,  like  the  preceding  apparatus  and  that 
made  by  Lentz,  by  means  of  a  suitable  connection  (rubber  tube 
with  guttapercha  or  metallic  mouth-piece),  with  the  room  or  apart- 
ment to  be  disinfected,  and  a  heating  lamp  (Swedish  lamp  or  Bun- 
sen  burner).  In  operation  the  desired  quantity  of  formalin  is  placed 
in  the  receiver  and  the  receiver  is 
closed.  The  lamp  is  lighted  and  the 
coil  brought  to  a  red  heat.  The  valve 
is  then  opened  and  the  solution  con- 
tained in  the  receiver  is  allowed  to 
pass  down  and  into  the  coil  in  a  fine 
stream.  .  Upon  coming  in  contact  with 
the  heated  metal  the  formaldehyde  solu- 
tion is  instantly  decomposed,  and  the 
lil|erated  gas  is  further  purified. as  it 
prepresses  through  the  incandescent  coil. 
The  apparatus  is  liable  to  get  out  of 
order,  in  that  the  valve  is  apt  to 
become  clogged  and  so  stop  the  flow, 
of  formalin  until  freed  by  a  wire  sup- . 
plied  for  the  purpose. 

In  the  new  form  (Fig.  66)  the  for- 
malin is  first  boiled  in  the  large  cham- 
ber and  passes  as  vapor  through  the 
tube  connecting  B  and  C.  In  C  it  is 
superheated  and  passes  out  the  tube  D 
into  the  room.  In  this  apparatus  there 
is  nothing  to  get  out  of  order,  and  it 
operates  quickly.  Up  to  the  present 
time  this  is  the  most  practical  apparatus  we  have  met  with,  when 
the  initial  cost,  about  $25,  is  not  an  objection.  In  all  forms  of 
apparatus  where  formalin  is  used  the  large  receiving  chamber  should 
be  washed  out  from  time  to  time  with  hot  water,  to  remove  any  de- 
posit there  may  be. 

Trioxymethylene  by  Schering's  System.. — This  system  consists  in 
heating  the  solid  polymer  of  formaldehyde  (trioxymethylene)  in  a 
lamp  specially  constructed  for  the  purpose.  The  trioxymethylene  is 
used  in  the  form  of  compressed  tablets  or  pastilles,  as  being  more  con- 
venient for  use.  Each  pastille  contains  the  equivalent  of  100  per 
cent  of  formaldehyde  gas,  according  to  the  manufacturers,  and 
weighs  1  gram. 

The  mode  of  using  the  apparatus  is  very  simple :  The  disinfector 
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is  placed  upon  a  sheet  of  iron  on  the  floor  of  the  room  to  be  disin- 
fected. From  100  to  250  pastilles  can  be  evaporated  at  a  time  in 
the  apparatus.  For  the  production  of  greater  quantities  of  formal- 
dehyde vapor  several  of  these  outfits  may  be  used  together.  The 
lamp  is  filled  with  ordinary  or  wood  alcohol,  about  twice  as  many 
cubic  centimetres  of  the  alcohol  being  employed  as  there  are  pastilles 
to  be  evaporated.  The  wicks  should  project  but  little  above  the 
necks  of  the  burners,  or  the  apparatus  may  get  too  hot  and  ignite  the 
pastilles.  The  vessel  is  charged  with  formalin  pastilles  and  the  dis- 
infector  placed  over  the  lighted  spirit  lamp.  The  lamp  is  then 
allowed  to  bum  out  in  the  closed  room.  One  hundred  pastilles  are 
considered  to  be  sufficient  for  the  disinfection  of  1000  cubic  feet  of 
space.  Lately,  a  small  steam  boiler  has  been  added  to  the  appa- 
ratus, for  the  purpose  of  furnishing  sufficient  moisture  with  the  gas. 
The  results  obtained  by  us  in  superficial  disinfection,  when  from 
150  to  200  pastilles  have  been  used  to  each  1000  cubic  feet,  have 
been  good.  The  great  advantage  of  the  method  is  in  the  small  cost 
of  the  apparatus,  $3.00,  and  the  avoidance  of  the  danger  of  (deteriora- 
tion, which  is  present  to  some  extent  in  formalin.  Smaller  lamps 
are  very  useful  for  the  deodorization  of  rooms. 

From  Pastilles  Composed  of  a, Top  of  Compressed  Paraform  and 
a  Base  of  Prepared  Charcoal, — This  is  a  very  neat  but  somewhat 
expensive  method  of  liberating  formaldehyde  gas.  Our  results  with 
it  have  been  good. 

Formalin  to  which  Olycerin  has  been  Added. — To  the  formalin  is 
added  10  per  cent,  of  glycerin,  and  the  mixture  is  simply  boiled  in  a 
suitable  copper  vessel,  the  steam  and  formaldehyde  gas  passing  off 
by  a  tube.  This  is  a  very  serviceable  apparatus.  When  it  is  at- 
tempted to  vaporize  the  formalin  too  rapidly  part  of  it  passes  over  in 
fluid  form,  and  is  thus  wasted. 

With  a  slightly  greater  amount  of  formalin  than  that  used  in  the 
high  temperature  autoclave  and  heated  tube  or  chamber  methods, 
the  results  seem  to  be  equally  as  good.  The  apparatus  is  very  easy 
to  use,  and  is  not  liable  to  get  out  of  order. 

Similar  forms  of  apparatus  are  also  employed,  when  instead  of 
glycerin  the  formalin  is  mixed  with  an  equal  quantity  of  water. 
The  water  is  for  the  purpose  of  giving  additional  moisture  to  the  air, 
and,  at  the  same  time,  like  the  glycerin,  to  prevent  the  change  of 
formaldehyde  into  inert  substances. 

From  Formalin  in  an  Open  Pan. — A  very  simple  method,  devised 
by  Dr.  R.  J.  Wilson,  is  to  fill  a  tin  pan  with  twelve  ounces  of  forma- 
lin for  each  1000  cubic  feet  and  put  this  on  an  upright  sheet  of  tin, 
which  is  cut  so  as  to  allow  of  the  entrance  of  air  below  and  yet  pro-, 
tect  the  formalin  in  the  pan  from  the  flame.  For  heating  put  under 
it  a  small  tin  can  filled  with  asbestos  packing  which  has  been  soaked 
with  wood  alcohol.  A  still  simpler  method  is  to  hang  sheets  in  a 
room  and  throw  on  them  twelve  ounces  of  formalin  for  each  1000 
cubic  feet,  and  leave  for  ten  hours.  If  the  room  is  tightly  sealed 
very  fair  superficial  disinfection  will  take  place. 
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Lime  Method  of  Oenerating  Formaldehyde  Gkts. — The  use  of 

quicklime  for  generating  formaldehyde  gas  has  been  practised  by 
various  observers,  with  varying  results.  The  differing  results  can 
probably  be  explained  by  difference  in  technique  and  in  the  kind 
of  lime  used.  It  is  absolutely  necessary  to  have  a  quick  slaking  lime 
or  a  great  amount  of  the  gas  will  be  lost  by  polymerization  into  para- 
formaldehyde and  acrose.  Even  with  quick  slaking  lime,  if  it  is 
not  spread  in  a  comparatively  thin  layer,  polymerization  takes  place ; 
therefore,  in  applying  the  method  a  wide  pan  must  be  used.  The 
addition  of  concentrated  sulphuric  acid  to  the  formaldehyde  solution 
in  the  proportion  of  10  per  cent  immediately  before  using  lessens 
the  danger  of  polymerization  and  makes  the  evolution  of  the  gas 
much  more  rapid.  The  sulphuric  acid  must  not  be  added  to  the 
formaldehyde  solution  until  just  before  using,  for  it  causes  rapid 
polymerization  in  the  solution.  It  must  be  remembered,  also,  that 
sulphuric  acid  is  a  dangerous  agent,  and  careless  handling  of  it 
might  result  in  serious  bums.  The  technique  of  the  method  is  as 
follows:  To  ten  ounces  of  40  per  cent  formaldehyde  solution  slowly 
add  one  ounce  of  concentrated  sulphuric  acid ;  pour  this  solution  on 
to  two  pounds  of  quicklime  that  has  previously  been  cracked  into 
small  lumps  and  placed  in  a  dairy  pan  not  less  than  twelve  inches 
in  diameter.  The  liberation  of  a  large  amount  of  gas  in  a  short 
time  more  than  compensates  for  the  loss  by  polymerization,  and  dis- 
infection is  effected  by  a  quick  union  of  the  gas  and  organisms  to  be 
destroyed.  Saturated  solution  of  aluminum  suljJiate  may  be  used 
instead  of  concentrated  sulphuric  acid,  in  the  proportion  of  one  part 
of  aluminum  sulphate  solution  to  three  parts  of  40  per  cent,  formal- 
dehyde solution.  The  mixture  of  aluminum  sulphate  and  formalde- 
hyde will  stand  for  considerable  time  without  polymerization.  Good 
r^ults  have  been  obtained  from  pouring  40  per  cent  solution  of 
formaldehyde  into  commercial  permanganate  of  potassium  in  the 
proportion  of  six  ounces  of  permanganate  for  every  pint  of  40  per 
cent,  solution  of  formaldehyda 

Rapid  Oeneration  of  Formaldehyde  Oas  for  Large  Chambers  by 
the  Method  of  Dr.  B.  J.  Wilson.' — The  generator  is  made  of  ordinary 
iron  steam  pipe  and  can  be  manufactured  in  any  pipe-cutting  estab- 
lishment in  a  very  few  hours.  It  consists  of  an  outer  steam  jacket 
of  six-inch  pipe,  two  feet  long,  and  capped  at  both  ends.  Through 
the  upper  cap  there  is  a  four-inch  opening,  with  a  thread,  through 
which  projects  an  inner  chamber  for  formalin.  This  chamber  con- 
sists of  a  four-inch  pipe,  twenty-two  inches  long,  capped  at  the  upper 
end  and  welded  or  capped  at  the  lower  end.  The  upper  end  of  this 
pipe  is  so  threaded  as  to  permit  of  its  being  screwed  through  the  cap 
of  the  steam  jacket  before  that  cap  is  screwed  on.  The  cap  of  the 
formalin  chamber  is  fitted  on  the  same  thread  that  passes  through 
the  cap  of  the  steam  jacket  The  in-take  for  steam  is  near  the  top 
of  the  steam  jacket,  through  a  half-inch  pipe,  and  the  steam  is  con- 
trolled by  a  globe  valve.     The  outlet  for  steam  or  drip  is  through  a 
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half -inch  pipe  from  the  bottom  cap  of  the  chamber  and  is  also  con- 
trolled by  a  globe  valve.  The  in-take  for  formalin  is  through  the 
upper  cap  of  the  formalin  chamber  through  a  half-inch  pipe  con- 
trolled by  a  globe  valve.  The  outlet  for  formaldehyde  is  a  half-inch 
pipe  through  the  upper  cap  of  the  formalin  chamber. 

This  generator  is  cheap  and  efficient,  but  considerable  care  should 
be  observed  in  operating  it,  as  there  is  a  tendency  to  throw  out  some 

formalin  before  the  gas  begins  to  be 
^^^-  ^7  evolved.     This    is    easily    avoided    by 

using  care  in  the  proper  application 
of  the  heat  These  generators  have  now 
been  in  use  for  three  years  by  the  New 
York  Health  Department,  and  have 
given  complete  satisfaction. 

As  a  result  of  the  investigations  un- 
dertaken in  the  Department  of  Health 
laboratories  on  the  use  of  formaldehyde 
as  a  disinfectant,  and  a  consideration 
of  the  work  of  others,  the  conclusions 
reached  by  us  may  be  summarized  as 
follows : 

1.  Disinfection  of  Infected 
Dwellings. — ^Exposed  surfaces  of 
walls,  carpets,  hangings,  etc.,  in  rooms 
may  be  superficially  disinfected  by 
means  of  formaldehyde  gas.  All  aper- 
tures in  the  rooms  should  be  tightly 
closed  and  from  six  to  twelve  ounces  of 
formalin  or  its  equivalent  used  to  gen- 
erate the  gas  for  each  1000  cubic  feet. 
The  time  of  exposure  should  be  not  less 
than  four  hours,  and  a  suitable  appa- 
ratus should  be  employed.  The  tem- 
perature of  the  apartment  should  be  as  high  as  possible,  and  certainly 
not  below  50°  F.  With  even  lower  temperature  disinfection  is  pos- 
sible, but  larger  amounts  of  formalin  must  be  used.  When  generated 
very  rapidly  the  formaldehyde  gives  much  better  results  than  when 
given  off  slowly. 

Under  these  conditions  spore-free  bacteria  and  the  contagion  of 
the  exanthemata  are  surely  destroyed  when  freely  exposed  to  the 
action  of  the  gas.  Spore-bearing  bacteria  are  not  thus  generally 
destroyed ;  but  these  latter  are  of  such  rare  occurrence  in  disease  that 
in  house  disinfection  they  may  usually  be  disregarded,  and,  if  pres- 
ent, special  measures  can  be  taken. 

The  penetrative  power  of  formaldehyde  gas  in  the  ordinary  room, 
at  the  usual  temperature,  even  when  used  in  double  the  strength 
necessary  for  surface  disinfection,  is  extremely  limited,  not  passing, 
as  a  rule,  through  more  than  one  layer  of  cloth  of  medium  thickness. 


A,  steam  chamber;  B,  formalin 
chamber;  O,  steam  supply;  D, 
drip;  E,  Inlet  for  formalin;  F, 
outlet  for  formaldehyde. 
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Articles,  therefore,  such  as  bedding,  carpets,  upholstery,  clothing, 
and  the  like  should,  when  possible,  be  subjected  to  steam,  hot  air,  or 
formaldehyde  disinfection  in  special  chambers  constructed  for  the 
purpose.     If  not,  they  must  be  thoroughly  exposed  on  all  sides. 

2.  Disinfection  of  Bedding,  Carpets,  ITpholsteby,  etc. — 
Beddings  carpets,  clothing,  etc.,  which  would  be  injured  by  steam, 
may  be  disinfected  by  means  of  formaldehyde  gas  in  an  ordinary 
steam  disinfecting  chamber,  the  latter  to  be  provided  with  a  heating 
and  if  possible  a  vacuum  apparatus  and  special  apparatus  for  gen- 
erating the  gas.  Where  penetration  through  heavy  articles  is  re- 
quired the  gas  should  be  used  in  the  proportion  of  not  less  than  the 
amount  derived  from  thirty  ounces  of  formalin  for  each  1000  cubic 
feet,  the  time  of  exposure  to  be  not  less  than  eight  hours  and  the 
temperature  of  the  chamber  not  below  110°  F. 

In  order  to  ensure  complete  sterilization  of  the  articles  they  should 
be  so  placed  as  to  allow  of  a  free  circulation  of  the  gas  around  them 
— that  is,  in  the  case  of  bedding,  clothing,  etc.,  these  should  either 
be  spread  out  on  perforated  wire  shelves  or  loosely  suspended  in  the 
chamber.  The  aid  of  a  partial  vacuum  facilitates  tiie  operation. 
Upholstered  furniture  and  articles  requiring  much  space  should  be 
placed  in  a  large  chamber,  or,  better,  in  a  room  which  can  be  heated 
to  the  required  temperature. 

The  most  delicate  fabrics,  furs,  leather,  and  other  articles,  which 
are  injured  by  steam,  hot  air  at  230*^  F.,  or  other  disinfectants,  are 
unaflFected  by  formaldehyde. 

3.  Disinfection  of  Books. — ^Books  may  be  satisfactorily  disin- 
fected by  means  of  formaldehyde  gas  in  a  special  room,  dr  in  the 
ordinary  steam  chamber,  as  above  described,  and  under  the  same 
condition  of  volume  of  gas,  temperature,  and  time  of  exposure.  The 
books  should  be  arranged  to  stand  as  widely  open  as  possible  upon 
perforated  wire  shelves,  set  about  one  or  one  and  a  half  feet  apart 
in  the  chamber.  A  chamber  having  a  capacity  of  200  to  250  cubic 
feet  would  thus  afford  accommodation  for  about  one  hundred  books 
at  a  time. 

Books,  with  the  exception  of  their  surfaces,  cannot  be  satisfactor- 
ily disinfected  by  formaldehyde  gas  in  the  bookcases  of  houses  or 
libraries,  or  anywhere  except  in  special  chambers  constructed  for 
the  purpose,  because  the  conditions  required  for  their  thorough  dis- 
infection cannot  otherwise  be  complied  with. 

The  bindings,  illustrations,  and  print  of  books  are  in  no  way 
affected  by  the  action  of  formaldehyde  gas. 

4.  Disinfection  of  Carriages,  etc. — Carriages,  ambulances, 
cars,  etc.,  can  easily  be  disinfected  by  having  built  a  small,  tight 
building,  in  which  they  are  enclosed  and  surrounded  with  formalde- 
hyde gas.  Such  a  building  is  used  for  disinfecting  ambulances  in 
New  Tork  City.  With  the  apparatus  there  employed  a  large 
amount  of  formalin  is  rapidly  vaporized,  and  superficial  disinfec- 
tion is  completed  in  sixty  minutes. 
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5.  Advantages  of  Fobmaldehyde  Gas  over  Sulphur  Diox- 
ide FOR  Disinfection  of  Dwellings. — Formaldehyde  gas  is 
superior  to  sulphur  dioxide  as  a  disinfectant  for  dwellings:  first, 
because  it  is  more  efficient  in  its  action;  second,  because  it  is  less 
injurious  in  its  eflFects  on  household  goods;  third,  because  when 
necessary  it  can  easily  be  supplied  from  a  generator  placed  outside 
of  the  room  and  watched  by  an  attendant,  thus  avoiding  in  some 
cases  danger  of  fire. 

Apart  from  the  cost  of  the  apparatus  and  the  greater  time  in- 
volved, formaldehyde  gas,  generated  from  commercial  formalin,  is 
not  much  more  expensive  than  sulphur  dioxide — ^viz.,  fifteen  to 
twenty  cents  per  1000  cubic  feet  against  ten  cents  with  sulphur. 
Therefore,  we  believe  that  formaldehyde  gas  is  the  best  disinfectant 
at  present  known  for  the  surface  disinfection  of  infected  dwellings. 
For  heavy  goods  it  is  far  inferior  in  penetrative  power  to  steam; 
but  for  the  disinfection  of  fine  wearing  apparel,  furs,  leather,  up- 
holstery, books,  and  the  like,  which  are  injured  by  great  heat,  it  is, 
when  properly  employed,  better  adapted  than  any  other  disinfectant 
now  in  use. 

Sulphur  Dioxide  in  House  Disinfection. — Four  pounds  of  sulphur 
should  be  burned  for  every  1000  cubic  feet.  The  sulphur  should  be 
broken  into  small  pieces  and  put  into  a  pan  sufficiently  large  not  to 
allow  the  melted  sulphur  to  overflow.  This  pan  is  placed  in  a  much 
larger  pan  holding  a  little  water.  The  cracks  of  the  room  should  be 
carefully  pasted  up  and  the  door,  after  closing,  also  sealed.  Upon 
the  broken  sulphur  is  poured  three  to  four  ounces  of  alcohol  and  the 
whole  lighted  by  a  match.  The  alcohol  is  not  only  for  the  purpose 
of  aiding  the  sulphur  to  ignite,  but  also  to  add  moisture  to  the  air. 
An  exposure  of  eight  to  twelve  hours  should  be  given. 

Sulphur  fumigation  carried  out  as  above  indicated  is  not  as  effic- 
ient as  formaldehyde  fumigation,  but  seems  to  suffice  for  surface 
disinfection  for  diphtheria  and  the  exanthemata.  All  heavy  goods 
should  be  removed  for  steam  disinfection  if  there  is  any  possibility 
of  the  infection  having  penetrated  beneath  their  surface.  If  there 
is  no  place  for  steam  disinfection  their  surfaces  should  be  thoroughly 
exposed  to  fumigation  and  then  to  the  air  and  sunlight  In  many 
cases  when  cleanliness  has  been  observed,  surface  disinfection  of 
halls,  bedding,  and  furniture  may  be  all  that  will  be  required. 

There  is  always  a  very  slight  possibility  of  a  deeper  penetration  of 
infection  than  that  believed  to  have  occurred ;  it  is,  therefore,  better 
to  be  more  thorough  than  is  considered  necessary  rather  than  less. 

Sulphur  dioxide  without  the  addition  of  moisture  has,  as  already 
stated  under  the  consideration  of  disinfectants,  very  little  germicidal 
value  upon  dry  bacteria. 

Public  Steam  Disinfecting  Chambers. — These  should  be  of  suffi- 
cient size  to  receive  all  necessary  goods,  and  may  be  either  cylindri- 
cal or  rectangular  in  shape,  and  are  provided  with  steam-tight  doors 
opening  at  either  end,  so  that  the  goods  put  in  at  one  door  may  be 


PBACTICAL   DISINFECTION   AND   8TEB1LIZAT10N.  123 

removed  at  the  other.  When  large  the  doors  are  handled  by  con- 
venient cranes  and  drawn  tight  by  drop-forged  steel  eye-bolts  swing- 
ing in  and  out  of  slots  in  the  door  frames.  The  chambers  should  be 
able  to  withstand  a  steam  pressure  of  at  least  one-half  an  atmosphere, 
and  should  be  constructed  with  an  inside  jacket,  either  in  the  form 
of  an  inner  and  outer  shell  or  of  a  coil  of  pipes.  This  jacket  is 
filled  with  steam  during  the  entire  operation,  and  is  so  used  as  to 
bring  the  goods  in  the  disinfecting  chamber  up  to  the  neighborhood 
of  220°  F.  before  allowing  the  steam  to  pass  in.  This  heats  the 
goods,  so  that  the  steam  does  not  condense  on  coming  in  contact  with 
them.  It  is  an  advantage  to  displace  the  air  in  the  chamber  before 
throwing  in  the  steam,  as  hot  air  has  far  less  germicidal  value  than 
steam  of  the  same  temperature.  To  do  this,  a  vacuum  pump  is 
attached  to  the  piping,  whereby  a  vacuum  of  fifteen  inches  can  be 
obtained  in  the  chamber.  The  steam  should  be  thrown  in  to  the 
chamber  in  large  amount,  both  above  and  below  the  goods,  and  the 
excess  should  escape  through  an  opening  in  the  bottom  of  the  chamber, 
so  as  more  readily  to  carry  off  with  it  any  air  still  remaining. 
The  live  steam  in  the  chamber  should  be  under  a  pressure  of  two  to 
three  pounds  so  as  to  increase  its  action. 

To  disinfect  the  goods,  we  place  them  in  the  chamber,  close  tight 
the  doors,  and  turn  the  steam  into  the  jacket.  After  about  ten 
minutes,  when  the  goods  have  become  heated,  a  vacuum  of  ten  to 
fifteen  inches  is  produced,  and  then  the  live  steam  is  thrown  in  for 
twenty  minutes.  The  steam  is  now  turned  off,  a  vacuum  is  again 
formed,  and  the  chamber  again  superheated.  The  goods  are  now 
thoroughly  disinfected  and  dry.  In  order  to  test  the  thoroughness 
of  any  disinfection,  or  any  new  chamber  maximum,  thermometers 
are  placed,  some  free  in  the  chamber  and  others  surrounded  by  the 
heaviest  goods.  It  will  be  found  that,  even  under  a  pressure  of  three 
pounds,  live  steam  will  require  ten  minutes  to  penetrate  heavy  goods. 

The  Disinfection  of  Hands,  Instruments,  Ligatures,  and  Dressings 

for   Surgical   Operations.  —  Instnunents All    instruments,  except 

knives,  after  having  been  thoroughly  cleansed,  are  boiled  for  three 
minutes  in  a  1  per  cent,  solution  of  washing  soda.  Knives,  after 
having  been  thoroughly  cleansed,  are  washed  in  sterile  alcohol  and 
wiped  with  sterile  gauze  and  then  put  into  boiling  soda  solution  for 
one  minute.     This  will  not  injure  their  edges  to  any  great  extent. 

Gauze.  —Gauze  is  sterilized  by  moist  heat  either  in  an  Arnold  steam 
sterilizer  for  one  hour  or  in  an  autoclave  for  thirty  minutes.  It  is 
placed  in  a  perforated  cylinder  or  wrapped  in  clean  towels  before 
putting  in  the  sterilizer,  and  only  opened  at  the  operation. 

Iodoform  gauze  is  best  made  by  sprinkling  sterile  iodoform  on 
plain  gauze  sterilized  as  described  above. 

Ligatures — Oatgnt. — ^Boil  for  one  hour  in  alcohol  under  pressure  at 
about  97°  C.  It  is  often  put  in  sealed  glass  tubes,  which  are  boiled 
under  pressure.  These  remain  indefinitely  sterile.  The  alcohol 
does  not  injure  the  catgut.  If  desired,  the  catgut  can  be  washed  in 
ether  and  then  soaked  a  short  time  in  bidiloride  before  heating  in 
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alcohol.  Boeckman,  of  St  Paul,  suggested  wrapping  the  separate 
strands  of  catgut  in  paraffin  paper  and  then  heating  for  three  hours 
at  140*^  C.  This  procedure  prevents  the  drying  out  of  the  moisture 
and  fat  from  the  catgut,  so  that  it  remains  unshrivelled  and  flexible 
after  its  exposure.  Darling,  of  Boston,  tested  this  method  and  found 
it  satisfactory.  Dry  formaldehyde  gas  does  not  penetrate  sufficiently, 
and  is  not  reliable.  Silver  v^ire,  silk,  silkworm  gut,  rubber  tubing, 
and  catheters  are  boiled  the  same  as  the  instruments. 

The  Skin  of  the  Patient. — This  is  washed  thoroughly  with  warm, 
green  soap  solution,  then  with  alcohol,  and  finally  with  1:1000  bi- 
chloride. A  compress  wet  with  a  25  per  cent  solution  of  green  soap 
is  now  placed  on,  covered  with  rubber  tissue,  and  left  for  three  to 
twelve  hours;  and  after  its  removal  the  skin  is  washed  with  ether, 
alcohol,  and  bichloride  solution,  and  then  covered  with  a  gauze  com- 
press previously  moistened  with  a  1 :1000  bichloride  of  mercury 
solution.  At  the  operation  the  skin  is  again  scrubbed  with  green 
soap  solution  followed  by  ether,  alcohol,  and  then  with  the  bichloride 
of  mercury  solution.  In  some  places  the  bichloride  compress  is 
replaced  one  hour  before  the  operation  by  a  pad  wet  in  10  per  cent 
solution  of  formalin. 

The  Hands. — Fiirbinger's  method,  slightly  modified,  is  now  much 
used,  and  gives  good  results.  The  hands  are  washed  in  hot  soap  and 
water  for  five  minutes,  using  the  nail  brush.  They  are  then  soaked 
in  alcohol  for  one  minute  and  scrubbed  with  a  sterile  brush.  They 
are  finally  soaked  in  a  1 :1000  bichloride  of  mercury  solution  for 
three  minutes.  Another  method  which  gives  good  results  is  as  fol- 
lows : ,  Skin  of  operator  is  scrubbed  for  five  minutes  with  green  soap 
and  brush,  then  washed  in  chloride  of  lime  and  carbonate  of  soda  in 
proportions  to  make  a  good  lather;  washed  off  in  sterile  water,  and 
then  scrubbed  with  brush  in  warm  bichloride  solution  1:1000. 

Sterilized  rubber  gloves  are  now  being  used  more  and  more  in  op- 
V  erations.  The  gloves  can  be  sterilized  by  being  left  for  one  minute 
in  boiling  1  per  cent  soda  solution,  or  they  can  be  sterilized  by. 
steam. 

Mucons  Membranes. — Those  of  the  mouth  and  throat  are  cleansed  by 
a  solution  consisting  of  equal  parts  of  peroxide  of  hydrogen  and  lime- 
water.  In  the  nostrils  it  is  better  to  employ  the  milder  solutions, 
such  as  diluted  DobelFs  or  Listerine.  These  are  also  used  in  the 
mouth  instead  of  the  peroxide.  Wadsworth^  urges  the  use  of  prepa- 
rations containing  about  30  per  cent,  of  alcohol  as  being  very  efficient. 

The  vagina  is  swabbed  out  thoroughly  with  sterile  warm  soap  and 
water,  and  then  irrigated  with  a  2  per  cent  carbolic  acid  or  a  1 :1000 
bichloride  of  mercury  solution. 

Hjrpodennic  and  Other  Syringes. — These  ^vhen  not  boiled  are  steril- 
ized by  drawing  up  into  them  boiling  water  a  number  of  times  and 
then  finally  a  6  per  cent,  solution  of  carbolic  acid,  the  acid  after 
three  minutes  to  be  washed  out  by  boiling  water.  If  cold  water  is 
used   the   carbolic  solution   should   remain   in    the   barrel  for  ten 

^  Mouth  Disinfection.    Jour.  Infect.  Dis.,  1906,  page  779. 
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minutes.  Great  care  should  be  taken  to  wash  out  all  possible  organic 
matter  before  using  the  carbolic  acid  or  boiling  to  sterilize.  Syringes 
made  entirely  of  glass  or  of  glass  and  asbestos  can  be  boiled  in  soda 
solution. 

The  Sterilization  of  Milk. — ^Bacteria  when  allowed  to  develop  in 
milk  produce  fermentation  (souring)  and  render  the  milk  unfit  to 
be  used  as  an  article  of  food,  especially  for  infants.  Milk  as  it 
reaches  the  city  in  hot  weather  is  apt  to  contain  great  numbers  of 
germs  and  these  will  produce  fermentation,  even  though  the  milk  be 
kept  on  ice.  Unclean  vessels  add  to  the  danger.  No  matter  how 
pure  milk  may  be  in  the  morning,  if  it  is  kept  warm  in  unclean  ves- 
sels it  becomes,  toward  evening,  unless  it  has  been  partly  or  com- 
pletely sterilized,  dangerous  to  an  infant,  and  may  cause  fatal  illness, 
even  though  it  still  tastes  sweet. 

Complete  sterilization  destroys  all  the  germs  in  milk,  and  so  pre- 
vents permanently  fermentative  changes.  This  requires  boiling  from 
one  to  forty-five  minutes,  according  to  the  presence  or  absence  of 
resistant  spores.  By  partial  sterilization  most  of  the  germs  which 
are  not  in  the  spore  form  may  be  destroyed,  so  that  the  milk  will 
remain  wholesome  for  at  least  twenty-four  hours  when  kept  under 
proper  conditions.^ 

Milk  is  best  sterilized  by  heat,  for  nearly  all  chemicals,  such  as 
boric  acid,  salicylic  acid,  and  formalin,  are  not  only  slightly  delete- 
rious themselves  but  also  make  the  milk  less  digestible,  and,  there- 
fore, less  fit  for  food.  Formalin  is  the  least  objectionable  of  the 
three.  Milk  may  be  sterilized  at  a  high  or  low  temperature — that 
is,  at  the  boiling  temperature — or  at  a  lower  degree  of  heat,  obtained 
by  modifying  the  steaming  process. 

Pasteurization/ — It  has  been  found  that  milk  sterilized  at  a  high 
temperature  (100°  C.)  is  not  desirable  for  prolonged  use,  as  the 
high  temperature  causes  certain  changes  in  the  milk  which  make  it 
less  suitable  as  a  food  for  infants.  These  changes  are  almost  alto- 
gether avoided  if  a  temperature  below  80°  C.  is  used.  It  is  recom- 
mended, therefore,  that  the  lowest  temperature  be  used  for  partial 
sterilization  which  will  keep  the  milk  wholesome  for  twenty-four 
hours  in  the  warmest  weather  and  kill  the  tubercle,  typhoid,  and 
other  non-spore-bearing  bacilli.  Raising  the  milk  to  a  temperature 
of  70°  C  for  fifteen  minutes  or  80°  C.  for  ten  minutes  will  accom- 
plish this.  Exposure  for  even  one  minute  at  70°  destroys  95-98  per 
cent  of  the  bacteria  which  are  not  in  the  spore  form.  Fully  99  per 
cent  of  tubercle  bacilli  are  destroyed.  This  subject  is  considered 
more  fully  in  the  chapter  on  milk.  One  of  the  many  forms  of  appa- 
ratus is  the  following: 

(a)  A  tin  pail  or  pot,  about  ten  inches  deep  by  nine  inches  in 
diameter,  provided  with  the  ordinary  tin  cover  which  has  been  jx^r- 
forated  with  eight  holes  each  an  inch  in  diameter. 

(6)  A  wire  basket,  with  eight  nursing  bottles  (as  sold  for  this 
purpose  in  the  shops). 

*  For  pasteurization  of  milk  see  chapter  on  milk. 
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(c)  Rubber  corks  for  bottles  and  a  bristle  brush  for  cleaning  them. 

Pasteurization  of  large  amounts  of  milk  by  companies  is  usually 
done  by  passing  the  milk  through  a  heated  coil. 

Directions  (Koplik). — ^Place  the  milk,  pure  or  diluted  (as  the 
physician  may  direct),  in  the  nursing  bottles  and  place  the  latter  in 
the  wire  basket.  Put  only  sufficient  milk  for  one  nursing  in  each 
bottle.     Do  not  cork  the  bottles  at  first. 

Having  previously  poured  about  two  inches  of  water  in  the  tin  pail 
or  pot  and  brought  it  to  the  boiling  point,  lower  the  basket  of  nursing 
bottles  slowly  into  the  pot.  Do  not  allow  the  bottles  to  touch  the 
water  or  they  will  crack.  Put  on  the  perforated  cover  and  let  the 
steaming  continue  for  ten  minutes ;  then  remove  the  cover  and  firmly 
cork  each  bottle.  After  replacing  the  cover,  allow  the  steaming  to 
continue  for  fifteen  minutes.  The  steam  must  be  allowed  to  escape 
freely  or  the  temperature  will  rise  too  high. 

The  process  is  now  completed.  Place  the  basket  of  bottles  in  a 
cool,  dark  place  or  in  an  ice-chest.  The  bottles  must  not  be  opened 
until  just  before  the  milk  is  to  be  used,  and  then  it  may  be  warmed 
by  plunging  the  bottle  in  warm  water.  If  properly  prepared  the 
milk  will  taste  but  little  like  boiled  milk. 

The  temperature  attained  under  the  conditions  stated  above  will 
not  exceed  in  extreme  cases  87°  C.  (188°  F.). 

A  different  but  admirable  method  is  the  one  devised  by  Dr.  Free- 
man.^ Here  a  pail  is  filled  to  a  certain  mark  with  water,  and  then 
placed  on  the  stove  until  the  water  boils.  It  is  then  removed,  and 
immediately  a  milk-holder,  consisting  of  a  series  of  zinc  cylinders, 
is  lowered  with  its  milk  bottles  partially  full  of  milk.  The  cover 
is  again  applied.  The  heat  of  the  outside  water  raises  the  tempera- 
ture of  the  milk  in  ten  minutes  to  75°  C.  (167°  F.),  and  holds  it 
nearly  at  that  point  for  some  time.^  After  twenty  minutes  the  milk 
is  removed,  placed  in  cold  water,  and  quickly  cooled.  The  milk  is 
kept  in  the  ice-chest  until  used. 

Milk  should  be  pasteurized  when  it  is  as  fresh  as  possible,  and  only 
sufficient  milk  for  twenty-four  hours  should  be  pasteurized  at  one 
time.  If  after  nursing  the  infant  leaves  some  milk  in  the  bottle  this 
should  be  thrown  away. 

Caxe  of  the  Bottles. — After  nursing,  the  bottles  should  be  filled  with 
a  strong  solution  of  washing  soda,  allowed  to  stand  twenty-four 
hours,  and  then  carefully  cleaned  with  a  bristle  (bottle)  brush.  The 
rubber  corks  and  nipples  after  using  should  be  boiled  in  strong  soda 
solution  for  fifteen  minutes  and  then  rinsed  and  dried. 

After  sterilizing  milk  should  never  be  put  into  unsterilized  bottles, 
as  this  will  spoil  it. 

*  Agent  for  Pasteurizer,  James  Dougherty,  411  W.  59th  St. 

*  A  temperature  of  75**  C.  is  advised  in  Pasteurizing  milk,  instead  of  65"  C, 
which  would  ordinarily  suffice  to  kill  all  bacteria  free  of  spores,  because  of  the 
fact  pointed  out  by  Theobald  Smith,  that  the  bacteria  embedded  in  the  pellicle 
which  forms  on  the  surface  are  more  resistant  than  those  surrounded  by  fluid. 
The  surface  of  milk  is  apt  to  contain  exceptionally  large  numbers  of  bacteria 
which  are  carried  up  by  the  fat  globules. 


CHAPTER  XL 
THE  USE  OF  ANIMALS  FOR  DIAGNOSTIC  AND  TEST  PURPOSES. 

Suitable  animals  are  necessarily  employed  for  many  bacteriolog- 
ical purposes.  1.  To  obtain  a  development:  Thus  they  may  be  used 
as  a  soil  for  bacterial  growth,  when,  as  in  the  case  of  tubercle  bacilli, 
we  cannot  get  a  growth  in  the  dead  culture  media.  For  this  reason 
material  suspected  to  contain  tubercle  bacilli  is  injected  into  rabbits 
or  guinea-pigs,  with  the  knowledge  that,  if  present,  although  in  too 
small  numbers  to  be  detected  by  microscopic  or  culture  methods,  they 
will  develop  in  the  animals'  bodies,  and  thus  reveal  themselves.  The 
same  may  be  true  of  glanders,  tetanus,  and  anthrax  bacilli,  of  pneu- 
mococci,  of  other  bacteria,  and  of  protozoa.  Certain  microorganisms 
cannot  be  grown  at  all  on  artificial  media.  This  is  true  of  leprosy 
bacilli,  of  most  protozoa,  of  most  of  the  spirochetes  and  of  certain 
unknown  infectious  agents  as  produce  the  exanthemata.  2.  To 
cause  an  increase  of  one  variety  of  organisms  in  a  mixture:  An 
injection  of  sputimi  subcutaneously  in  rabbits  may  give  rise  to  a 
pure  pneumococcus  septicaemia  or  a  pure  tuberculosis.  3.  To  test 
virulence:  Animals  are  used  to  test  the  virulence  or  toxin  produc- 
tion of  organisms,  where,  as  in  the  case  of  diphtheria,  we  have  very 
virulent,  attenuated,  and  non-virulent  bacilli  of,  so  far  as  we  know, 
identical  cultural  characteristics.  Here  the  injection  of  a  susceptible 
animal,  such  as  the  guinea-pig,  is  the  only  way  that  we  can  differen- 
tiate between  those  capable  of  producing  diseases  from  those  that  are 
harmless.  Still  another  use  of  the  animals  is  to  differentiate  be- 
tween two  virulent  organisms,  which,  though  entirely  different  in 
their  specific  disease  poisons,  are  yet  so  closely  allied  morphologically 
and  in  culture  characteristics  that  they  cannot  always  be  separated 
except  by  studying  their  action  in  the  animal  body  both  with 
and  without  the  influence  of  specific  serums.  In  this  way  the 
typhoid  and  colon  bacilli  may  be  separated,  or  the  pneumo- 
coccus and  streptococcus.  4.  To  test  the  antitoxic  or  bactericidal 
strength  of  sera:  Diphtheria  antitoxin  in  different  amounts  is  added 
to  one  hundred  fatal  doses  of  diphtheria  toxin  and  injected  into 
guinea-pigs,  and  streptococcus  immunizing  serum  is  mixed  with  liv- 
ing streptococci  and  injected  into  the  vein  of  a  rabbit  5.  To  pro- 
duce antitoxic,  bactericidal,  or  agglutinating  sera. 

The  Inoculation  of  Animals. — The  inoculation  of  animals  may  be 
made  either  through  natural  channels  or  through  artificial  ones : 

1.  Cutaneous.     Cultures  are  rubbed  into  the  abraded  skin. 

2.  Subcutaneous.     The  bacteria  are  injected  by  means  of  a  hypo- 
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dermic  needle  under  the  skin,  or  are  introduced  by  a  platinum  loop 
into  a  pocket  made  by  an  incision. 

3.  Intravenous.  The  bacteria  are  injected  by  means  of  a  hypo- 
dermic needle  into  the  vein.  This  is  usually  carried  out  in  the  ear 
vein  of  the  rabbit.  If  rabbits  are  placed  in  a  holder,  so  that  the 
animal  remains  quiet  and  only  the  head  projects,  it  is  usually  easy 
to  pass  a  small  needle  directly  into  one  of  the  ear  veins,  especially 
those  running  along  their  edges.  If  the  ear  is  first  moistened  with  a 
3  per  cent  carbolic  acid  solution,  and  then  supported  between  the 
finger  inside  and  the  thumb  outside,  the  vein  is  usually  clearly  seen 
and  entered  with  ease,  if  a  small,  sharp  needle  is  held  almost  parallel 
with  the  ear  surface  and  gently  pushed  into  it.  When  no  holder  is 
present,  the  rabbit  can  be  held  by  an  assistant  seizing  the  forelegs 
in  one  hand  and  the  hind  in  another  and  holding  the  rabbit  head 
downward. 

4.  Into  the  anterior  chamber  of  the  eye. 

5.  Into  the  body  cavities.  The  peritoneal  and  less  often  the 
pleural  cavities  are  used  for  bacterial  injection.  The  hypodermic 
needle  is  usually  employed,  less  often  a  glass  tube  drawn  out  to  a 
fine  point.  The  needle  or  the  pointed  glass  tube  is  gently  pushed 
through  the  abdominal  wall,  moved  about  to  be  certain  that  the  in- 
testines have  not  been  perforated  and  the  fluid  injected. 

6.  By  inhalation.  This  method  is  carried  out  by  forcing  the 
animal  to  inhale  an  infected  spray  or  dust 

7.  By  the  trachea.  This  method  is  carried  out  by  making  an  in- 
cision in  the  trachea  and  then  inoculating  the  mucous  membrane  or 
injecting  substances  into  the  trachea  and  bronchi. 

8.  Through  the  intestinal  tract  by  swallowing  or  by  the  passage  of 
a  rubber  tube.     Morphine  may  be  given  to  prevent  peristalsis. 

9.  Into  the  brain  substance  or  ventricles  after  trephining. 

In  these  injections  guinea-pigs  are  held,  as  a  rule,  by  an  assistant 
grasping  in  one  hand  the  forelegs  and  in  the  other  the  hindlegs. 

Rabbits  can  be  held  in  the  same  manner,  or,  better,  placed  in  some 
holder  or  strung  up  by  their  hindlegs. 

Mice,  which  are  usually  inoculated  subcutaneously  in  the  body  or 
at  the  root  of  the  tail,  are  best  placed  in  a  mouse  holder,  but  can  be 
inoculated  by  grasping  the  tail  in  a  pair  of  forceps,  and  then,  while 
allowing  the  mouse  to  hang  head  downward  in  a  jar,  a  glass  plate  is 
pushed  across  the  top  until  only  space  for  its  tail  is  left. 

All  these  methods  must  be  carried  out  with  the  greatest  care  as  to 
cleanliness,  the  hair  being  clipped  and  the  skin  partially,  at  least, 
disinfected.  The  operator  must  be  careful  not  to  infect  himself  or 
his  surroundings.  After  the  inoculations  the  animals  should  be 
given  the  best  of  care,  unless,  for  special  purposes,  we  want  to  study 
them  under  unusual  conditions.  For  food,  rabbits  and  guinea-pigs 
require  only  carrots  and  hay. 

When  necessary  all  animals  should  be  anesthetized  during  painful 
experiments. 
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If  animals  die,  autopsy  should  be  made  at  the  earliest  moment  pos- 
sible, for  soon  after  death  some  of  the  species  of  the  bacteria  in  the 
intestines  are  able  to  penetrate  through  the  intestinal  walls  and  infect 
the  body  tissues.  If  delay  is  imavoidable,  the  animals  should  be 
placed  immediately  in  a  cold  place.  In  making  cultures  from  the 
dead  bodies  the  greatest  care  should  be  taken  to  avoid  contamination. 
The  skin  should  be  disinfected,  and  any  dust  prevented  by  wetting 
with  a  6  per  cent,  solution  of  carbolic  acid.  All  instruments  are 
sterilized  by  boiling  in  3  per  cent,  soda  solution  for  five  minutes. 
Changes  of  knives,  scissors,  and  forceps  should  be  made  as  frequently 
as  the  old  ones  become  infected.  When  organs  are  examined  the 
portion  of  the  surface  through  which  an  incision  is  to  be  made  must 
be  sterilized,  if  there  is  danger  that  the  surrounding  cavity  is  in- 
fected, by  searing  with  the  flat  blade  of  an  iron  spatula  which  has 
been  heated  to  a  dull-red  heat  Tissues  if  removed  should  be  im- 
mediately placed  under  cover  so  as  not  to  become  infected.  Sterile 
deep  Petri  plates  are  useful  for  this  purpose. 

When  it  is  necessary  to  transport  tissues  from  a  distance  they  should 
be  wrapped  in  bichloride  cloths  and  sent  to  the  point  of  destination 
as  soon  as  possible.  In  warm  weather  they  may  be  kept  cool  by  sur- 
rounding the  vessels  which  contain  them  with  ice. 

Animals  rarely  show  the  same  gross  lesions  as  man  when  both 
suflFer  from  the  same  infection.  The  cell  changes,  however,  are  sim- 
ilar, and,  also,  so  far  as  we  can  test  them,  the  curative  or  immunizing 
effects  of  protective  serums. 

Leukocytes  for  Testing  Phagocytosis. — Inoculate  into  the  pleural 
cavity  -of  a  rabbit  5  cc.  of  a  thick  suspension  of  aleuronat  powder  in 
a  boiled  starch  solution.  The  solution  should  be  thick  enough  to 
hold  the  aleuronat  in  suspension.  A  20  to  25  per  cent,  solution  of 
peptone  gives  good  results.  The  fluid  is  withdrawn  eighteen  to 
twenty-four  hours  after  the  injection. 

For  purposes  of  obtaining  the  opsonic  index  the  whole  blood  is 
taken.     For  description  of  the  method  see  chapter  on  opsonins. 

Leukocytes  from  the  horse  can  be  readily  obtained  by  mixing  the 
blood  with  one  per  cent  of  sodium  citrate  and  allowing  the  mixture 
to  stand.  The  red  cells  rapidly  sink  and  leave  the  leukocytes  in  the 
supernatant  fluid. 
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CHAPTER    XIL 

THE  PROCURING  AND  HANDLING  OF  MATERIAL  FOR  BACTE- 

RIOLOGIC  EXAMINATION  FROM  THOSE  SUFFERING 

FROM  DISEASE. 

A  LONG  experience  has  taught  me  that  physicians  very  frequently 
take  a  great  amount  of  trouble,  and  yet,  on  account  of  not  carrying 
out  certain  simple  but  necessary  precautions,  make  worthless  cul- 
tures or  send  material  almost  useless  for  bacteriologic  study. 

In  making  cultures  from  diseased  tissues  various  procedures  may 
be  carried  out,  according  to  the  facilities  which  the  physician  has  and 
the  kind  of  information  that  he  desires  to  obtain.  From  the  dead 
body  culture  material  should  be  removed  at  the  first  moment  pos- 
sible after  death.  Every  hour's  delay  makes  the  results  less  reliable. 
From  both  dead  and  living  tissues,  the  less  the  alteration  tliat  occurs 
in  any  substance  between  its  removal  from  the  body  and  its  inocu- 
lation upon  or  in  culture  media  or  animals,  the  more  exact  the  in- 
formation which  will  be  obtained  from  its  examination.  If  the  ma- 
terial is  allowed  to  dry  many  bacteria  will  be  destroyed  in  the  proc- 
ess, and  certain  forms  which  were  present  will  be  obliterated  or, 
at  least,  entirely  altered  in  the  proportion  which  they  bear  to  others. 
If  possible,  therefore,  culture  media  should  be  inoculated  directly 
from  the  patient  or  dead  body.  For  that  purpose  a  bacteriologist 
should  take  the  most  suitable  of  the  culture  media  to  the  bedside  or 
autopsy  table.  Such  a  list  of  media,  if  fairly  complete,  would  com- 
prise nutrient  bouillon  alone  and  mixed  with  one-tiiird  its  quantity 
of  ascitic  fluid,  slanted  nutrient  agar,  slanted  agar  streaked  with  rab- 
bit or  human  blood,  firmly  solidified  slanted  blood  serum  and  slanted 
ascitic  glucose  agar.  Additional  media  will  be  necessary  for  special 
purposes  such  as  the  isolation  of  typhoid  or  tetanus  bacilli.  If  only 
one  variety  of  media  is  to  be  used  the  solidified  blood  serum  is  most 
useful  for  parasitic  bacteria,  and  this  can  be  easily  carried  by  the 
physician  and  inoculated  by  him,  even  if  lie  is  not  very  familiar  with 
bacteriologic  technique.  The  material  must  be  obtained  in  different 
ways,  according  to  the  nature  of  the  infection. 

In  the  first  place  some  of  the  infected  material  should  always  be 
smeared  on  a  couple  of  clean  slides  or  cover-glasses  and  allowed  to 
dry.  These  can  be  stained  and  examined  later,  and  may  give  much 
valuable  information. 

For  the  detection  of  the  bacteria  causing  septicaemia  we  are  met 
with  the  difliculty  that  there  are  apt  to  be  very  few  organisms  present 
in  the  blood  until  shortly  before  death.  It  will,  therefore,  be  almost 
useless  to  take  only  a  drop  of  blood  for  cultures,   as  even  when 
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present  there  may  not  be  more  than  eight  or  ten  organisms  in  a 
cubic  centimetre.  If  cultures  are  to  be  made  at  all,  it  is,  therefore, 
best  to  make  them  correctly  by  taking  from  5  to  20  cc.  of  blood  by 
means  of  a  sterile  hypodermic  needle,  or  a  suitable  glass  tube  armed 
with  a  hypodermic  needle,  from  the  vein  of  the  arm,  after  proper 
cleansing  of  the  skin  and  a  tiny  incision.  To  each  of  five  diflFerent 
tubes  containing  bouillon  we  add  1  cc.  of  blood,  and  to  a  flask 
containing  100  cc.  we  add  5  cc.  We  have  made  by  this  mixture  of 
blood  and  bouillon  a  most  suitable  medium  for  the  growth  of  all 
bacteria  which  produce  septicsemia,  and  at  the  same  time  have  added 
a  sufficient  quantity  of  blood  to  ensure  us  the  best  possible  chance  of 
having  add^  some  of  the  bacteria  producing  the  disease.  We  also 
add  to  each  of  several  tubes  of  melted  nutrient  agar,  at  40*^  C,  1  cc.  of 
blood  and  pour  the  mixture  into  Petri  plates^  so  as  to  indicate  roughly 
the  number  of  organisms  present  if  they  happen  to  be  in  abundance. 
When  blood  must  be  carried  to  a  distance  clotting  should  be  pre- 
vented by  having  in  the  test  tube  sufficient  10  per  cent,  solution 
of  sodium  citrate,  bile  or  ammonium  oxalate  to  prevent  clotting. 
From  wounds,  abscesses,  cellulitis,  etc,  the  substance  for  bacterio- 
logie  examination  can,  as  a  rule,  best  be  obtained  by  means 
of  a  syringe,  or  when  the  lesion  is  opened,  by  small  rods  armed 
with  a  little  absorbent  cotton.  A  number  of  these  swabs  can  be 
sterilized  in  a  test-tube  and  so  carried.  The  swab  is  inserted  in 
the  wound,  then  streaked  gently  over  the  oblique  surface  of  the  nu- 
trient agar  in  one  tube,  over  the  blood  serum  in  another,  and  then 
inserted  in  the  bouillon.  Finally,  either  at  the  bedside  or  in  the 
laboratory,  material  is  thinly  streaked  over  the  surface  of  nutrient 
agar  contained  in  several  Petri  dishes.  We  inoculate  several  va- 
rieties of  media,  with  the  hope  that  one  at  least  will  prove  a  suitable 
soil  for  the  growth  of  the  organisms  present.  From  surface  infec- 
tions of  mucous  membranes,  as  in  the  nose,  throat,  vagina,  etc.,  the 
swab,  again,  is  probably  the  most  useful  instrument  for  obtaining 
the  material  for  examination.  The  greatest  care,  of  course,  must 
be  used  in  all  cases  to  remove  the  material  for  study  without  contami- 
nating it  in  any  way  by  other  material  which  does  not  belong  to  it. 
Thus,  for  instance,  if  we  wish  to  obtain  material  from  an  abscess  of 
the  liver,  where  the  organ  lies  in  a  peritoneal  cavity  infected  with 
bacteria,  one  must  first  absolutely  sterilize  the  surface  of  the 
liver  by  pressing  on  it  the  blade  of  a  hot  iron  spatula  before  cutting 
into  the  abscess,  so  that  we  may  not  attribute  the  infection  which 
caused  the  abscess  to  the  germs  which  we  obtained  from  the  infected 
surface  of  the  liver.  From  such  an  organ  as  the  uterus  it  is  only 
with  the  greatest  care  that  we  can  avoid  outside  contamination,  and 
only  an  expert  bacteriologist  familiar  with  such  material  will  be  able 
to  eliminate  the  vaginal  from  the  uterine  bacteria. 

A  statement  of  the  conditions  under  which  materials  are  obtained 
should  always  accompany  them  when  sent  to  the  laboratory  for  ex- 
amination, even  if  the  examination  is  to  be  made  by  the  one  who 
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made  the  cultures.  These  facts  should  be  noted,  or  otherwise  at  some 
future  date  they  may  be  forgotten  and  misleading  information  sent 
out  The  work  of  obtaining  material  for  examination  without  con- 
tamination is  at  times  one  of  extreme  difficulty.  It  simply  must 
be  remembered  that  if  contamination  does  take  place  our  results  may 
become  entirely  vitiated,  and  if  the  difficulties  are  so  great  that  we 
cannot  avoid  it,  it  may  simply  mean  that  under  such  conditions  no 
suitable  examination  can  be  made.  Where  the  substance  to  be  studied 
cannot  be  immediately  subjected  to  cultures  or  animal  inoculations 
it  should  be  transferred  in  a  sterile  bottle  as  soon  as  possible  to  a 
location  where  the  cultures  can  be  made.  If  for  any  reason  delay 
must  take  place,  the  material  should  at  least  be  put  in  a  refrigerator, 
where  cold  will  both  prevent  any  further  growth  of  some  varieties 
of  bacteria  and  lessen  the  danger  of  the  death  of  others. 

In  obtaining  samples  of  fluid,  such  as  urine,  feces,  etc.,  the  bottles 
in  which  they  are  placed  should  always  be  sterile,  and,  of  course,  no 
antiseptic  should  be  added.  It  is  necessary  clearly  to  explain  this  to 
the  nurse,  for  she  has  probably  been  instructed  to  add  disinfectants 
to  all  discharges.  Disinfected  material  is,  of  course,  entirely  useless 
for  complete  bacteriologic  investigations.  It  cannot  be  too  much  em- 
phasized that  materials  which  are  not  immediately  used  should  be  sent 
to  the  laboratory  as  quickly  as  possible,  for  in  such  substances  as 
feces,  where  enormous  numbers  of  various  kinds  of  bacteria  are 
present,  those  which  we  seek  most,  such  as  the  typhoid  bacilli,  fre- 
quently succumb  to  the  deleterious  products  of  the  other  bacteria 
present  Even  when  abundantly  present  living  typhoid  bacilli  may 
entirely  disappear  from  the  feces  in  the  course  of  twelve  hours, 
while  at  other  times  they  may  remain  for  weeks.  These  differences 
depend  on  the  associated  organisms  present,  the  chemical  constitution 
of  the  feces  or  urine,  and  the  conditions  under  which  the  material  is 
obtained. 

For  obtaining  fluid  for  agglutination  and  other  purposes,  blister 
fluid  is  valuable.  A  blister  can  be  raised  quickly  by  placing  a 
piece  of  blotting  paper  moistened  with  a  little  strong  ammonia  on 
the  skin  and  covering  with  a  watch-glass,  or  one  may  be  more  slowly 
formed  by  a  cantharides  plaster. 

Routine  Teclmique  Carried  Out  at  Laboratory  When  Thorough 
Examination  Required. — As  has  just  been  indicated,  the  bacterio- 
logical examination  proceeds  somewhat  differently  according  to  the 
information  needed.  When,  as  is  the  case  with  most  clinical  mate- 
rial, definite  knowledge  in  regard  to  the  presence  or  absence  of  a 
particular  bacterium  is  desired,  the  special  methods,  which  have  been 
already  partly  given  and  which  are  later  fully  described  under  each 
microorganism  are  used;  but  when,  as  is  generally  the  case  with 
autopsy  material  and  sometimes  with  clinical,  a  complete  examination 
is  needed  the  procedure  may  be  as  follows : 

1.  At  the  autopsy  table  the  routine  cultures  and  smears  are  made 
0S  described  above. 
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2.  Material  from  the  different  parts  is  secured  under  aseptic  pre- 
cautions in  sterile  receptacles  and  taken  to  the  bacteriological  labora- 
tory. The  receptacles  should  be  surrounded  by  ice  if  the  laboratory 
is  at  a  distance. 

3.  A  smear  from  each  part  is  stained  and  examined  in  order  to 
determine  in  some  measure  the  kind  and  number  of  bacteria  present, 
so  we  may  more  wisely  select  suitable  culture  media,  if  other  than 
those  already  used  be  needed,  and  may  make  the  right  culture  dilu- 
tions if  these  be  necessary. 

Gram's  stain  gives  more  information,  especially  in  regard  to  the 
first  point,  than  any  other  one  stain,  so  when  possible  this  stain  should 
be  used.  Other  stains,  however,  may  help,  if  for  any  reason  Gram's 
is  not  at  hand. 

A  Gram-stained  smear  may  show  all  Gram-negative  or  all  Gram- 
positive  bacteria,  or  a  mixture  of  the  two. 

The  following  points  must  be  remembered  in  using  this  stain  and  in 
interpreting  the  relsults: 

(o)   The  smears  should  be  thin  and  evenly  spread. 

{Aniline  water 
Gentian  violet 
lasts  about  3  weeks. 

(c)  Controls  of  fresh  cultures  (about  24  hrs.  old)  of  a  Gram-negative  and 
a  Qram-positive  bacterium  should  be  used  on  the  same  slide  with  the  smear 
to  be  examined. 

(d)  If  there  is  much  albimiin  in  the  suspected  material  so  much  heat  should 
not  be  used  in  fixing. 

(e)  If  the  urine  is  very  much  acid  the  results  may  not  be  good. 

(/)  Mix  urinary  sediment  with  sterile  pus  or  egg  albumin,  better  to  fix  it, 
and  wash  out  minary  salts  with  tap  water  and  stain. 

(g)  Too  much  dependence  should  not  be  placed  upon  the  finding  of  Gram- 
n^fative  bacteria  in  tissues,  because  bacteria  which  in  pure  young  cultures 
may  be  positive  to  Gram,  may,  as  they  grow  older  both  in  tissues  and  in 
cultures,  show  forms  intermediate  between  negative  forms,  as  well  as  a  vary- 
ing number  of  the  latter. 

If  the  smears  show  only  Gram-negative  organisms,  the  material 
probably  contains  one  or  more  of  the  following: 


Gram- 
N^ative  - 
Bacilli. 


"  B.  coli  group.  ] 

B.  typhosus  group.  Most 

B.  dysenteriaB  group,      r     from 
B.  proteus.  tract. 

B.  mueosus  capsulatus.. 

B.  pyopyaneus. 

B.  inJQuenzsB  group. 

B.  mallei. 

B.  of  malignant  oedema. 
B.  of  symptomatic  anthrax. 
LB. 


} 


Most 
from 
tents. 


frequently 
intestinal 


frequently 
chest    con- 


M  o  s  t  frequently 
found,  and  some 
indication  of 
their  presence  in, 
history. 


Less  frequently  found,  and  gen- 
erally a  marked  indication  of 
their  presence  in  history. 


Grara- 

N^jative 

CoccL 


{ 


Micrococcus  intracellularis. 
Micrococcus  catarrhalis. 
Micrococcus  gonorrhoe®. 


} 


Generally  marked  indication 
their  presence  in  history. 


of 


_W-J 
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S.  cholersB  and  allied  1  Marked   indication   of   presence   of   first 
forms.  J       form  in  history. 


Gram- 
Negative 
Spirilla.    ,  ^^^  gpi^^ 


^  Unimportant. 

If  only  Gram-positive  organisms  are  demonstrated  the  material 
may  contain  one  or  more  of  9ie  following: 


Gram- 
Positive 
Bacilli. 


Gram- 
Positive 
Cocci. 


"  B.  diphtheriflB  group. 
B.  tetani  (not  often  demonstrated 

in  smears  from  lesion). 
B.  tuberculosis. 
B.  anthracis. 
B.  of  leprosy. 

Staphylococcus  group. 

Streptococcus  group  (including 
pneumococcus  and  its  variety, 
pneumococcus  mucosus). 

Micrococcus  tetragenus. 


Generally  marked  indication 
of  their  presence  in  his- 
tory. 


Some    indication    of    their 
presence  in  history. 


:{ 


None. 


Gram- 
Positive 
Spirilla. 

From  the  different  parts  of  the  body  the  following  organisms  are 
found  in  order  of  their  probable  frequency. 

r  Micrococcus  intracellularis. 
Streptococcus     (including    pneumococcus 

group). 
B.  influenzBB. 
B.  tuberculosis. 
Streptococcus     (including    pneumococcus 

group). 
B.  mucosus  capsulans. 
B.  influenza. 
B.  tuberculosis. 


Serous 
Fluids. 


Meningeal 

(Cerebrospinal). 


Pericardial 
pleural. 


and 


Peritoneal. 


{ 


B.  coH  group. 
Streptococcus  group. 
B.  tuberculosis. 


Lungs. 


Nose  and 
Throat. 


Feces. 


Streptococcus   (including  pneumococcus  group). 
B.  mucosus  capsularis. 
B.  influenzae. 
B.  tuberculosis. 

B.  diphtheriflB  group. 
B.  influenz®  group. 
Streptococcus  group. 
B.  mucosus  group. 
B.  tuberculosis. 

B.  coli  group  (B.  fecalis  alcaligenes  and  B.  acidi  lactici). 

B.  typhosus  group. 

B.  dysenterisB  group. 

Many  forms  whose  importance  has  not  been  worked  out. 
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Urine. 


Pelvic 
Organs. 


B.  coli  group. 
Streptococcus  (kidney). 
M.  gonorrhoe®. 
B.  typhosus. 
B.  tuberculosis. 

M.  gonorrhcBSB. 

Streptococcus. 

B.  tuberculosis. 

Many  other  forms  probably  unimportant. 


The  following  media  should  be  used  for  the  reasons  given  below. 

Nutrient    broth,    for    motility,    morphology,    and    arrangement    (chains, 
groups,  etc.). 

Potato  for  color  and  abundance  of  growth. 

Peptone  broth  for  indol. 

Fermentation  tube  for  anaerobes,  acidity  and  gas. 


Nutrient  agar 
and  Gelatine. 


(a)  Poured  plates  for  isolated  colonies  (dilutions  according 
to  the  number  of  organisms  seen  in  smears).  (Blood  agar 
if  pneumococcus  or  streptococcus  indicated.) 

(h)  Streaked  plates  for  surface  colonies.  (Blood  agar  if 
influenza  bacilli  are  indicated.) 


Si>ecial  media  according  to  the  kinds  of  organisms  demonstrated  in  smears 
or  indicated  in  histories.  Such  special  media  are  described  under  the  indi- 
vidual organisms. 


CHAPTER   XIIL 
THE  RELATION  OF  BACTERIA  TO  DISEASE. 

In  preceding  chapters  we  have  considered  the  growth  of  bacteria 
in  dead  organic  substances.  Now  we  have  to  consider  the  growth 
of  bacteria  and  the  production  of  their  poisons  in  the  living  host  and 
the  results  of  such  development.  While  it  is  true  that  there  is  a 
great  difference  between  living  and  dead  matter,  and  that,  therefore, 
the  living  animal  cannot  be  looked  upon  as  merely  a  quantity  of 
special  material  to  be  used  for  food  for  bacterial  growth,  still,  in  a 
very  real  sense,  we  are  warranted  in  considering  the  infected  living 
body  as  a  food  mass  more  or  less  favorable  for  bacterial  growth. 
The  difference  is  that  besides  the  chemical  substances,  temperature, 
and  conditions  inherent  to  the  fluids  of  the  living  body  and  its  tis- 
sues, microorganisms  have  also  to  reckon  with  the  constant  produc- 
tion of  new  substances  by  the  living  cells  of  the  invaded  organism, 
which  may  be  antagonistic  to  them.  In  the  production  of  lesions 
by  microorganisms  there  are  four  main  factors  involved — ^viz.,  on 
the  part  of  microorganisms,  the  power  to  elaborate  poison  and  the 
ability  to  multiply ;  on  the  part  of  the  body,  the  degree  of  sensitive- 
ness to  the  poisons  of  the  bacteria  and  the  tendency  to  produce  anti- 
toxic or  bactericidal  substances.  No  known  variety  of  bacterial  cell 
has  as  a  single  organism  the  ability  to  produce  enough  poison  to  do 
appreciable  injury  in  the  body,  nor  is  it  probable  that  there  is  any 
variety  which,  if  it  multiplied  in  the  body  to  the  extent  that  some 
pathogenic  bacteria  are  capable  of,  would  not  produce  disease.  As 
already  mentioned,  varieties  of  bacteria  even  under  similar  condi- 
tions differ  enormously  in  the  amount  of  poison  which  they  produce 
and  in  their  ability  after  gaining  entrance  to  multiply  in  the  body. 

To  understand  the  bacterial  factor  in  the  production  of  disease  we 
must  recognize  that  both  the  body  invaded  and  the  bacteria  which 
invade  are  living  organisms,  and  that  the  products  of  the  cellular 
activity  of  the  body  act  on  the  bacteria  at  the  same  time  the  bacterial 
products  act  upon  the  human  body.  Just  as  there  are  different  races 
and  species  of  animals  having  dissimilar  characteristics,  there  are 
different  races  and  species  among  bacteria,  and  just  as  the  descend- 
ants of  one  animal  species  under  changing  conditions  gradually  be- 
come diverse,  so  do  the  descendants  of  one  bacterial  species.  In  fact, 
the  rapidity  of  the  development  of  new  generations  of  bacteria  allow 
in  them  of  much  quicker  changes  under  new  conditions  than  are  pos- 
sible in  the  higher  animals  and  plants.  Considering  these  and  other 
facts,  we  can  readily  understand  how  the  different  types  of  bacteria 
do  not  grow  equally  well  in  every  variety  of  animal,  and  after  dis- 
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covering  that  there  are  variations  in  the  bactericidal  properties  of 
the  blood  from  day  to  day  we  are  not  surprised  that  they  do  not  find 
the  body  of  the  same  animal  always  equally  suitable.  The  study  of 
bacteria  in  the  more  simple  and  known  conditions  of  artificial  cul- 
ture media  has  shown  us  how  extremely  sensitive  many  bacteria  are 
to  slight  chemical,  and  other  changes.  In  certain  media  conditions 
favorable  to  growth  may  still  be  unfavorable  for  toxin  production. 

If  we  take  specimens  of  diphtheria  bacilli  from  three  different 
cases  of  diphtheria,  we  sometimes  find  that  on  growing  them  for  sev- 
eral days  in  suitable  bouillon  one  culture  will  have  produced  poison 
in  the  fluid  to  such  a  degree  that  a  single  drop  suffices  to  kill  a  large 
guinea-pig;  the  second,  grown  in  a  similar  manner,  will  kill  another 
animal  of  the  same  size  with  half  a  drop;  while  the  third  will  kill 
with  one-tenth  of  a  drop.  This  illustrates  the  important  fact  that 
different  varieties  of  the  same  bacillus  have  different  toxin-producing 
powers  under  the  same  conditions — that  is,  that  the  conditions  that 
are  suitable  for  the  full  development  of  the  functions  of  one  strain 
are  not  so  for  another  strain. 

Let  us  now  cultivate  these  same  strains  in  bouillon  which  is  a  little 
too  acid  or  a  little  too  alkaline  for  their  maximum  development^  and 
we  shall  find  that  while  all  of  them  will  grow,  only  one  and  probably 
that  one  which  produced  the  most  toxin  under  favorable  conditions 
will  continue  to  develop  it,  while  the  others  will  fail  to  produce  any 
specific  poison.  This  illustration  makes  clear  one  reason  for  the 
variation  in  severity  among  different  cases  in  an  epidemic,  since  the 
conditions  in  one  throat  may  favor  growth  but  not  toxin  production, 
while  in  another  throat  both  are  favored.  The  fact  that  growth  of 
bacteria  may  occur  in  the  body  and  yet  but  little  poison  be  pro- 
duced, and  that,  of  the  same  species  of  bacteria,  some  varieties  are 
capable  of  producing  specific  poisons  under  less  favorable  circum- 
stances than  others,  is  very  important  to  remember. 

The  cultivation  of  the  tetanus  bacillus  also  furnishes  some  inter- 
esting facts  which  illustrate  the  complicated  ways  in  which  the 
growth  of  varieties  of  bacteria  are  hindered  or  assisted.  The  tetanus 
bacillus,  when  placed  in  suitable  media,  will  not  grow  except  in  the 
absence  of  oxygen ;  but  place  it  under  the  same  conditions,  together 
with  a  microorganism  which  actively  assimilates  oxygen,  and  the 
two  in  association  will  grow  in  the  presence  of  air.  As  a  rule,  when 
tetanus  bacilli  are  driven  into  the  flesh  by  a  dirty  nail  or  blank  car- 
tridge plug,  aerobic  bacteria  are  driven  in  also  and  so  help  to  further 
infection  by  using  up  the  free  oxygen,  thus  introducing  an  anaerobic 
environment. 

The  influenza  bacillus  is  a  striking  example  of  tiie  special  require- 
ments of  certain  -bacteria.     On  media  it  will  thrive  in  pure  culture . 
only  in  the  presence  of  hsemoglobin. 

It  is  evident,  therefore,  that  for  each  variety  of  organism  there  are 
special  conditions  requisite  for  growth,  and  that  a  temperature,  de- 
gree of  acidity,  kind  of  food,  supply  of  oxygen,  etc.,  suitable  for  one 
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may  be  utterly  unsuitable  for  another;  that,  still  further,  when  two 
organisms  grow  together  one  may  so  alter  some  of  these  conditions 
as  to  render  unsuitable  ones  suitable,  and  vice  verses 

Let  us  now  consider  some  of  the  facts  which  have  been  observed 
concerning  the  growth  of  bacteria  in  the  living  body  as  contrasted 
with  culture  media.  In  the  first  place,  it  has  been  learned,  as  will 
be  described  in  the  latter  part  of  the  book,  that  each  variety  of  bac- 
teria can  incite  only  certain  types  of  infection.  Indeed,  because  of 
this  fact,  the  majority  of  bacteria  which  excite  disease  can  be  traced 
back  for  thousands  of  years  by  means  of  the  records,  these  parasitic 
bacteria  breeding  true  and  keeping  distinct  from  the  great  mass  of 
bacteria  occurring  in  the  air,  water,  and  soil. 

Parasitic  bacteria  have  gradually  adapted  themselves  not  only  to 
certain  species  of  animals,  but  to  certain  circimiscribed  areas  of  the 
body.  Thus  the  diphtheria  bacilli  grow  chiefly  upon  the  mucous 
membranes  of  the  respiratory  tract,  but  cannot  develop  in  the  blood 
or  in  the  subcutaneous  tissues.  The  cholera  spirilla  develop  in  the 
inflamed  intestinal  mucous  membrane,  but  cannot  grow  in  the  respi- 
ratory tract,  blood,  or  tissues.  The  tetanus  bacilli  develop  in  wounds 
of  the  subcutaneous  tissues,  but  cafmot  grow  on  the  intestinal  mucous 
membranes  or  in  the  blood. 

Other  bacteria  find,  indeed,  certain  regions  especially  suitable  for 
their  growth,  but  under  conditions  favorable  for  them  are  capable  of 
developing  in  other  locations.  Thus,  the  typhoid  bacillus  grows 
most  luxuriantly  in  the  Peyer  patches  and  mesenteric  glands,  but 
also  invades  the  blood,  spleen,  and  other  regions.  The  tubercle  bacil- 
lus often  remains  localized  in  the  apex  of  a  lung  or  a  gland  for  years, 
but  may  at  any  time  invade  many  tissues  of  the  body.  The  gono- 
coccus  finds  the  mucous  membrane  of  the  genitourinary  tract  most 
suitable  for  its  development,  but  also  frequently  is  capable  of  growth 
in  the  peritoneum  and  even  sometimes  in  tiie  general  circulation. 
The  pneumococcus  develops  most  readily  in  the  lungs,  but  also  in- 
vades the  connective  tissues,  serous  membranes,  and  the  blood. 

All  these  bacteria,  although  ordinarily  increasing  only  in  the  body 
of  man,  can  be  grown  on  suitable  dead  material. 

There  are  bacteria  which,  in  so  far  as  we^know,  find  the  bodies  of 
human  beings  or  animals  the  only  fit  soil  for  their  growth.  These 
are  strictly  the  true  parasites.  The  bacillus  of  leprosy  excites  disease 
only  in  man;  neither  the  food  nor  the  conditions  suitable  for  the 
development  of  this  microorganism  outside  of  the  body  have  as  yet 
been  discovered. 

Following  rather  closely  the  schematic  separation  of  bacteria  ac- 
cording to  their  relation  to  disease  we  might  classify  them  as : 

1.  Strict  saprophytes,  or  bacteria  which  grow  readily  in  suitable 
dead  organic  material,  but  not  in  the  tissues  of  the  body  under  ordi- 
nary conditions.  Bacteria  growing  in  the  contents  of  the  intestines 
which  have  never  been  known  to  produce  disease  are  considered  as 
saprophytes. 
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a.  Bacteria  which  in  their  growth  in  milk  or  food  produce  no 
substances  poisonous  to  the  body  which  are  capable  of  absorption 
throu^  the  intestinal  walls  or  act  on  their  epithelium. 

6.  Bacteria  which  produce  in  their  growth  in  dead  organic  matter 
poisons  capable  of  acting  on  the  mucous  membrane  or  of  being  ab- 
sorbed into  the  animal  body.  While  these  bacteria  cannot  produce 
infection  their  chemical  substances  may  cause  acute  poisoning. 

2.  Parasites,  with  possibility  of  saprophytic  growth.  These  are 
bacteria  which  can  develop  either  as  parasites  or  saprophytes.  The 
different  varieties  vary  as  to  the  amount  of  poison  which  they  pro- 
duce. Some  grow  luxuriantly  in  dead  organic  material  under  very 
diverse  conditions,  others  only  under  specially  favorable  conditions. 
In  the  body  they  also  vary — some  grow  extensively  in  the  blood, 
while  others  are  limited  to  one  or  more  tissues,  some  being  widely 
disseminated  throughout  the  body,  while  others  are  localized  in  or 
upon  a  certain  portion  of  it. 

3.  Strict  parasites,  or  bacteria  which,  so  far  as  we  know,  grow 
only  in  the  living  animal  or  vegetable  organism.  These  again  vary 
in  the  amount  of  poison  which  they  produce  and  in  the  local  or  gen- 
eral infection  to  which  they  give  rise. 

Adaptation  of  Bacteria  to  the  Soil  upon  which  They  Are  Orown. 
— Those  bacteria  which  grow  both  in  living  and  dead  substances  vary 
from  time  to  time  as  to  their  readiness  to  develop  in  either  the  one 
or  the  other.  As  a  general  rule,  bacteria  grown  in  any  one  medium 
become  more  and  more  accustomed  to  that  and  other  media  more  or 
less  analogous  to  it,  while,  on  the  other  hand,  they  are  less  easily 
cultivated  on  media  widely  different  from  that  in  which  they  have 
developed.  Thus  we  have  a  culture  of  tubercle  bacilli  which,  after 
having  grown  for  three  years  in  the  bodies  of  guinea-pigs,  will  grow 
only  with  great  difficulty  on  dead  organic  matter,  while  a  bacillus 
which  was  obtained  from  the  same  stock,  but  grown  on  bouillon  for 
three  years,  will  no  longer  increase  in  the  animal  body.  From  the 
same  stock,  therefore,  two  varieties  have  developed,  the  one  being 
now  practically  a  saprophyte  and  the  other  a  parasite. 

Local  Effects  Produced  by  Bacteria  and  llieir  Products. — ^After 
the  bacteria  gain  entrance  to  a  suitable  part  of  the  body  and  find 
conditions  favorable  for  growth,  there  is  a  certain  lapse  of  time  before 
sufficient  bacterial  poisons  have  accumulated  to  cause  by  the  action 
on  the  tissue  noticeable  disturbance.  This  is  called  the  period  of 
incubation.  Its  length  depends  on  the  amount,  kind,  and  virulence 
of  the  microorganisms  introduced  and  the  tissue  invaded.  The  in- 
cubation period  over,  we  note  the  course  of  the  local  and  general 
lesions  excited  by  the  specific  and  general  poisons.  The  extent  to 
which  this  will  progress  depends,  on  the  one  hand,  on  the  character- 
istics of  the  invading  microorganisms;  on  the  other,  on  the  charac- 
teristics of  the  tissues  invaded. 

The  local  effects  of  the  bacterial  poisons  upon  the  cells  give  rise  to 
the  various  kinds  of  inflammation,  such  as  serous,  fibrinous,  puni- 
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lent,  croupous,  hemorrhagic,  necrotic^  and  gangrenous,  and  also  pro- 
liferative, as  seen,  for  example,  in  leprosy.  Some  bacteria  incite 
specific  forms  of  inflammation  along  with  those  common  to  many 
bacteria ;  others  produce,  so  far  as  we  can  detect,  no  peculiar  form 
of  lesions. 

Thus  inflammation  and  serous  exudation  into  the  subcutaneous 
tissues  follow  injections  of  the  pneumococcus  or  anthrax  bacillus. 
The  development  of  the  streptococcus  or  pneumococcus  in  the  endo- 
cardium or  pleural  cavity  is  followed  by  a  serous  exudation,  fre- 
quently with  more  or  less  flbrin  production.  The  formation  of  pus 
results  more  especially  from  the  streptococcus,  pneumococcus,  and 
staphylococcus ;  but  nearly  all  forms  of  bacteria,  when  they  accumu- 
late in  one  locality,  may  produce  purulent  inflammation.  The  colon, 
typhoid,  and  influenza  bacilli  frequently  cause  the  formation  of 
abscesses. 

Catarrhal  inflammation,  with  or  without  pus,  follows  the  absorp- 
tion of  the  products  of  many  bacteria,  sudi  as  the  gonococcus,  pneu- 
mococcus, streptococcus,  and  influenza  bacillus,  etc.  The  hemor- 
rhagic exudation  seen  in  pneumonia  is  usually  due  to  the  pneumo- 
coccus ;  it  is  observed  also  in  other  infections.  Cell  necrosis  is  pro- 
duced frequently  by  the  products  of  the  diphtheria  and  of  the  typhoid 
bacilli  and  by  those  of  other  bacteria.  Specific  proliferative  inflam- 
mation follows  the  localization  of  the  products  derived  from  the 
tubercle  bacillus  and  the  leprosy  bacillus. 

Not  only  can  the  poisons  of  one  species  of  bacteria,  according  to 
the  tissues  attacked,  produce  several  forms  of  inflammation,  but  the 
same  organism  will  vary  as  to  its  mode  and  extent  of  invasion;  this 
depending,  first,  upon  its  own  characteristics,  at  the  time,  as  to  viru- 
lence, etc.,  and,  second,  upon  the  conditions  in  the  infected  animal, 
such  as  its  health  and  power  of  resistance,  the  location  of  infection, 
and  the  circumstances  under  which  the  animal  is  kept.  Such  varia- 
tions, therefore,  are  in  no  case  specific,  for  different  poisons  will  pro- 
duce changes  which  appear  identical. 

Manner  in  which  Bacteria  Produce  Injury.— The  actual  mechan- 
ical presence  of  the  bacteria  is  only  of  importance  when,  as  in  pro- 
nounced septicaemia  or  pyaemia,  they  exist  in  such  enormous  numbers 
as  to  interfere  mechanically  with  the  circulation  or  c^use  minute 
thrombi,  and  later  emboli,  which  finally  produce  infarction  and  ab- 
scesses in  different  parts  of  the  body.  Even  these  dangerous  effects 
are  almost  wholly  due  to  the  chemical  substances  given  off,  ^hich  are 
more  or  less  directly  poisonous.  Some  portion  of  the  protoplasm  of 
almost  every  variety  of  bacteria  acts  as  an  irritant  to  tissues  and  com- 
bines with  some  of  the  body  cells,  and  the  protoplasm  of  most  exerts 
a  positive  chemotaxis.  ■ 

These  poisonous  products,  as  already  described  in  the  previous 
chapter,  can  often  be  separated  from  the  culture  fluid  in  which  the 
bacteria  have  grown,  or  they  can  be  extracted  from  the  bacteria.  In- 
jected into  animals  these  products  cause  essentially  the  same  lesions 
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as  are  produced  by  the  bacteria  when  they  develop  in  the  animal  body. 
The  substances  contained  in  or  produced  by  the  bacteria,  with  few 
exceptions,  attract  the  leukocytes,  and  when  great  masses  of  bacteria 
die  suppuration  usually  follows. 

General  Symptoms  Caused  by  Bacterial  Poisons  Absorbed  into 
the  Circulation. — Fever  is  produced,  under  favorable  conditions,  by 
all  bacterial  poisons.  A  prime  requisite  is  that  sufficient  poisons  be 
absorbed;  on  the  other  hand,  they  must  not  be  absorbed  with  such 
rapidity  as  to  overwhelm  the  infected  host,  for  a  moderate  dose  may 
raise  the  temperature,  while  a  very  large  dose  lowers  it,  as  occurs 
sometimes  when  a  very  large  surface,  such  as  the  peritoneum,  is  sud- 
denly involved.  The  fever  itself  has  no  known  antibacterial  effect, 
but  this  effect  may  be  some  part  of  the  reaction  of  the  tissues  which 
in  other  portions  gives  rise  to  the  antitoxins  and  bactericidal  sub- 
stances. It  is  also  a  sign  that  the  body  cells  as  a  whole  are  not  yet 
overwhelmed  by  the  infection. 

With  few  exceptions  the  bacterial  poisons  produce  an  increase  in 
the  number  of  leukocytes  and  a  lessening  in  the  amount  of  hsemo- 
globin  in  the  blood.  In  uncomplicated  infection  with  typhoid  bacilli 
there  is  a  hypoleukocytosis.  The  different  varieties  of  leukocytes 
are  increased  in  varying  proportions  in  different  infections.  The 
red-blood  cells  are  directly  injured  by  a  number  of  bacterial  sub- 
stances. The  deleterious  effects  on  the  nutrition  are  partly  due  to 
the  direct  effect  of  the  poison  and  partly  to  the  diseased  conditions 
of  the  organs  of  the  body,  such  as  the  spleen,  kidney,  and  liver. 
D^eneration  of  the  nerve  cells  is  frequently  noticed  after  infectious 
diseases;  especially  is  this  true  of  diphtheria.  Several  bacterial 
poisons  have  been  found  to  produce  convulsions;  the  best  example 
of  this  is  the  tetanus  toxin. 

Influence  of  Quantity  in  Infection. — ^With  pathogenic  bacteria  the 
number  introduced  has  an  immense  influence  upon  the  probability 
of  infection  taking  place. 

If  we  introduce  into  a  culture  medium  containing  some  fresh 
human  blood  or  serum  a  few  bacteria  it  is  probable  that  they  will 
all  die  because  of  the  presence  of  sufficient  bactericidal  substance  in 
the  blood  to  destroy  them;  whereas  if  a  greater  number  are  intro- 
duced, while  there  will  at  first  be  a  great  diminution  of  these,  those 
that  die,  having  combined  with  the_  bactericidal  substances  in  the 
serum,  neutralize  them ;  then  those  bacteria  which  survive  begin  to 
increase,  and  soon  they  multiply  enormously.  The  same  is. true  for 
parasitic  bacteria  in  the  body.  A  few  only  gaining  entrance,  they 
may  die;  a  larger  number  being  introduced,  some  may  or  may  not 
survive ;  but  if  a  still  greater  quantity  is  injected  it  is  almost  certain 
that  there  will  be  some  surviving  members,  which,  because  of  the 
antagonistic  substances  having  been  neutralized  or  of  their  having 
some  peculiar  properties,  will  begin  to  grow  and  excite  disease. 

Variation  in  Degree  of  Virulence  Possessed  by  Bacteria. — Bacte- 
ria differ,  as  has  already  been  stated,  as  to  the  ease  and  rapidity  with 
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which  they  grow  in  any  nutritive  substance  and  the  amount  of  poison 
they  produce.  Both  of  these  properties  not  only  vary  greatly  in 
different  members  of  the  same  species,  but  each  variety  of  bacteria 
may  to  a  large  extent  be  increased  or  diminished  in  virulence.  The 
septicsemic  class  of  bacteria  when  grown  in  the  body  fluids  gradually 
develop  the  power  to  elaborate  protective  substances  or  produce  cells 
with  less  substance  having  affinity  for  the  bactericidal  bodies  of  the 
blood,  and  thus  become  less  vulnerable. 

With  those  bacteria  whose  virulence  is  great  a  very  few  organisms 
will  produce  disease  almost  as  quickly  as  a  million,  allowance  only 
being  made  for  the  short  time  required  for  the  few  to  become  equal 
in  number  to  the  million.  At  the  other  extreme  of  virulence,  how- 
ever, many  millions  may  have  to  be  introduced  to  permit  of  the 
development  of  any  of  the  organisms  in  the  body.  With  these  bac- 
teria we  are  thus  able  to  produce  either  no  effect  whatever,  or  a  local 
effect,  or  in  some  cases  a  general  septicaemia,  by  regulating  the 
amount  of  infection  introduced.  In  the  majority  of  cases  in  man 
the  number  of  bacteria  received  is  comparatively  small ;  but  by  the 
rupture  of  an  abscess  into  a  body  cavity  or  into  the  circulation,  or 
by  the  opening  of  the  intestinal  contents  into  the  peritoneum,  the 
quantity  introduced  may  be  enormous. 

Somewhat  distinct,  again,  from  that  class  of  bacteria  which  multi- 
ply rapidly  are  those  which,  like  the  tubercle  and  leprosy  bacilli, 
because  of  not  developing  in  the  blood,  increase  more  slowly.  Here 
increase  of  virulence  is  shown,  as  before,  by  the  production  of  disease 
through  the  introduction  of  very  small  numbers  into  the  body,  but 
increase  in  rapidity  of  development  cannot  progress  except  to  within 
certain  limits.  A  single  streptococcus  may,  through  its  rapid  multi- 
plication, produce  death  in  eighteen  hours ;  a  single  tubercle  bacillus, 
on  the  other  hand,  cannot  produce  sufficient  numbers  in  less  than  two 
weeks.  The  virulence  of  the  septicsemic  class  of  bacteria  is  not  at 
all  the  same  when  measured  in  different  animals,  and  it  is  largely 
for  this  reason  that  the  virulence  in  test  animals  does  not  usually 
correspond  with  the  severity  of  the  case  from  which  the  organism 
was  derived.  We  should  remember  in  this  connection  the  varying 
power  of  resistance  in  different  animals  to  the  same  organism  and 
of  the  same  individual  at  different  times. 

Variation  in  the  Amount  of  Specific  Poisons  Produced. — This  can 
be  best  studied  in  diphtheria  and  tetanus.  We  note,  first,  that  dif- 
ferent cultures  of  dijJitheria  and  tetanus  bacilli  have  wide  variations 
in  the  amount  of  toxin  which  they  produce — i.  e,,  a  diphtheria  bacil- 
lus obtained  from  a  case  of  diphtheria  will  produce  in  suitable  nutri- 
ent broth  a  poison  of  such  strength  that  1  c.c.  will  kill  an  average- 
sized  guinea-pig,  while  the  poison  from  another  bacillus  will  kill 
with  as  small  a  dose  as  0.005  c.c.  Further,  the  bacilli  obtained  from 
some  sources  retain  their  power  of  producing  poison,  when  grovsrn  on 
artificial  media,  for  years  unaltered,  while  others  lose  much  of  this 
in  a  few  months.     This  is  equally  true  of  the  tetanus  bacilli. 
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Experimental  Increase  and  Decrease  in  Toxicity  and  Virulence. 

— The  power  to  produce  toxin  can  be  taken  from  bacteria  by  growing 
tiiem  under  adverse  circumstances,  such  as  cultivation  at  the  maxi- 
mum temperature  at  which  they  are  capable  of  development.  Some 
bacteria  are  easily  attenuated;  others  are  robbed  of  their  virulence 
only  with  great  difficulty.  Increase  of  toxin-production  is  more  dif- 
ficult, and  it  is  only  possible  to  obtain  it  to  a  certain  extent  The 
means  usually  employed  are  the  frequent  replanting  of  cultures. 
But  with  all  our  efforts  we  are  usually  only  able  to  restore  approxi- 
mately the  degree  of  toxin-formation  which  the  cultures  originally 
possessed.  The  adaptation  of  bacteria  to  any  nutritive  substance, 
living  or  dead,  so  that  they  will  grow  more  readily,  is  more  easily 
brought  about,  provided  they  will  grow  at  all.  The  streptococcus 
from  erysipelas  and  the  pneumococcus  from  pneumonia  are  typical 
of  this  class  of  bacteria.  Inoculate  a  rabbit  with  a  few  streptococci 
obtained  from  a  case  of  human  sepsis,  and,  as  a  rule,  no  result  fol- 
lows ;  inject  a  few  million,  and  usually  a  local  induration  or  abscess 
appears;  but  if  one  hundred  million  are  administered  septicaemia 
develops.  From  this  rabbit  now  inoculate  another,  and  we  find  that 
a  dose  slightly  smaller  suffices  to  produce  the  same  effect;  in  the  next 
animal  inoculated  from  this,  still  less  is  required,  and  so  on,  until  in 
time,  with  some  cultures,  a  very  minute  number  will  surely  develop 
and  produce  death.  The  same  increase  in  virulence  can  be  noted 
when  septic  infection  is  carried  in  surgery  or  obstetrics  from  one 
human  case  to  another.  By  allowing  bacteria  to  continue  to  develop 
under  certain  fixed  conditions  they  become  accustomed  to  them,  and 
less  adapted  for  all  that  differ. 

nixed  Infection. — The  combined  effects  upon  the  tissues  of  the 
products  of  two  or  more  varieties  of  pathogenic  bacteria,  and  also  of 
the  influence  of  these  different  forms  on  each  other,  are  of  great  im- 
portance in  the  production  of  disease.  The  infection  from  several 
different  organisms  may  occur  at  the  same  time,  or  one  may  follow 
the  other  or  others — so-called  secondary  infection.  Thus,  an  ab- 
scess is  often  due  to  several  forms  of  pyos^enic  cocci.  If  a  fresh 
wound  is  infected  from  such  a  source  the  inflammation  produced  will 
probably  be  caused  by  all  the  varieties  present  in  the  original  infec- 
tion. Peritonitis  following  intestinal  in  juries  must  necessarily  be  due 
to  more  than  one  organism.  Thus  whenever  two  or  more  varieties 
of  bacteria  are  transferred  to  a  new  soil,  mixed  infection  takes  place 
if  more  than  one  variety  is  capable  of  developing  in  that  locality. 

Forms  of  infection  which  are  allied  to  both  mixed  and  secondary 
infection  are  those  occurring  in  the  mucous  membranes  of  the  respi- 
ratory and  digestive  tract.  In  these  situations  pathogenic  bacteria 
of  slight  virulence  are  always  present  even  in  health.  Thus,  in  the 
upper  air  passages  there  are  usually  found  streptococci,  staphylococci, 
and  pneumococci.  When  through  a  cold,  or  the  invasion  of  another 
infective  agent^  as  the  diphtheria  bacillus  or  the  virus  of  smallpox  or 
scarlet  fever,  the  epithelium  of  the  mucous  membrane  of  the  throat 


144  PATHOGENIC  MICB0-OBGANI8M8. 

IS  injured  or  destroyed,  the  pyogenic  cooci  already  present  are  now 
enabled  in  this  diseased  membrane  to  grow,  produce*  their  poison,  and 
even  invade  deeper  tissues.  The  intestinal  mucous  membrane  is 
invaded  in  a  similar  way  by  the  colon  bacilli  and  other  organisms 
after  injury  by  the  typhoid  or  dysentery  bacilli  or  cholera  spirilla. 
Generally  speaking  all  inflammations  of  the  mucous  membranes  and 
skin  contain  some  of  the  elements  of  mixed  infection.  Blood  infec- 
tion, on  the  other  hand,  is  usually  due  to  one  form  of  bacteria,  as 
even  when  several  varieties  are  introduced,  only  one,  as  a  rule,  is 
capable  of  development.  The  same  is  true  to  a  somewhat  lees  extent 
of  inflammation  of  the  connective  tissue.  The  additional  poison 
given  off  by  the  associated  bacteria  aid  infection  by  the  primary 
invaders  by  causing  a  lowering  of  the  vital  resistance  of  the  body. 
In  some  cases  the  secondary  infection  is  a  greater  danger  than  the 
primary  one,  as  pneumocoecic  bronchopneumonia  in  laryngeal  diph- 
theria or  streptococci  septicaemia  in  scarlet  fever  and  smallpox. 

The  bacteria  are  also  at  times  directly  influenced  by  the  products 
of  associated  organisms.  These  may  affect  them  injuriously,  as,  for 
example,  the  pyogenic  cocci  in  anthrax ;  or  they  may  be  necessary  to 
their  development,  as  in  the  case  of  anaerobic  bacteria.  Not  infre- 
quently the  tetanus  bacilli  or  spores  would  not  be  able  to  develop  in 
wounds  were  it  not  for  the  presence  of  aerobic  bacteria  introduced 
with  them.  This  is  shown  outside  the  body,  where  tetanus  bacilli 
will  not  grow  in  the  presence  of  oxygen  unless  aerobic  bacteria  are 
associated  with  them.  Again,  it  is  found  that  the  association  of  one 
variety  with  another  may  increase  its  virulence.  Streptococci  are 
stated  to  increase  the  virulence  of  diphtheria  bacilli,  but  here  it  is 
probably  the  loss  of  resistance  of  the  tissues  because  of  the  strepto- 
coccic poison.  On  the  other  hand,  the  absorption  of  the  products  of 
certain  bacteria  immunizes  the  body  against  the  invasion  of  other 
bacteria,  as  shown  by  Pasteur  that  attenuated  chicken-choleora  cultures 
produce  immunity  against  anthrax.  In  intestinal  putrefaction  harm- 
less varieties  of  bacteria  may  be  made  to  crowd  out  dangerous  ones. 

Tissue  Characteristics  Influencing  the  Entrance  and  Orowth  of 
Bacteria. — The  Skin. — The  unbroken  skin  is  a  poor  soil  for  bacteria 
and  is  a  great  protection  against  the  penetration  of  microorganisms. 
When  they  do  penetrate,  it  is  through  the  glands,  or  more  often 
through  some  unobserved  wound.  The  bacterial  toxins  are  not 
absorbed. 

There  is  an  apparent  exception  to  the  above  statements  in  the  fact 
that  the  pyogenic  staphylococci  and  sometimes  the  streptococci  exist 
upon  the  skin  or  in  it  between  its  superficial  homy  cells,  some  excep- 
tional circumstances,  such  as  wounds  or  bums,  being  required  to 
allow  the  organisms  to  penetrate  deeper.  The  cutaneous  sweat 
glands,  and  the  hair  follicles  with  their  appended  sebaceous  glands, 
may  allow  entrance  of  infection,  as  various  incidents  may  lead  to 
the  introduction  and  retention  of  virulent  microorganisms.  When 
this  occurs  the  retained  products  may  lead  to  necrosis  of  the  epithe- 
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lium  and  thus  allow  the  bacteria  to  penetrate  to  the  deeper  tissues. 
The  secretion  of  the  sebaceous  glands  appears  not  to  be  bactericidal, 
but  the  acidity  of  the  perspiration  renders  it  slightly  so. 

Sabcntaaeons  Connective  Tissues. — ^Many  bacteria  cannot  develop  in 
the  connective  tissues  and  others  produce  a  milder  infection  there  tfian 
elsewhere.  Others  develop  readily  and  cause  infection.  The  rapid- 
ity of  development  of  new  connective  tissue  and  the  bactericidal 
properties  of  the  lymph  are  the  main  known  hindrances  to  infection. 

The  Mncons  Membranes. — The  moist  condition  of  the  surface  of  the 
membranes  aids  bacterial  multiplication.  Mucus  is  only  slightly 
bactericidal  for  some  bacteria  and  not  at  all  for  others.  Bacteria, 
such  as  the  pneumocooci  and  streptococci,  remaining  in  it  become 
somewhat  attenuated;  The  conjunctival  mucous  membranes  are 
protected  by  the  cleansing  produced  by  the  flow  of  the  lacrymal  secre- 
tion and  by  its  slight  germicidal  action.  In  infancy  the  membranes 
are  readily  infected  by  gonococci  and  later  by  pneumococci,  by  the 
Kodi-Weeks  bacillus  and  others.  The  mucous  membranes  of  the 
nasal  cavity  are  somewhat  cleansed  by  the  nasal  secretion,  which  is 
feebly  bactericidal.  The  deeper  portions  of  the  nasal  cavity  are 
usually  the  seat  of  streptococci  and  other  bacteria.  The  mouth  in 
a  i)erson  in  health  is  cleansed  by  the  feebly  bactericidal  saliva. 
When  the  teeth  are  decayed  many  varieties  of  bacteria  abound.  The 
bacteria,  such  as  the  diphtheria  bacilli,  streptococci,  etc.,  rarely  in- 
vade the  mucous  membrane  of  the  tongue  or  mouth. 

The  tonsils  with  their  crypts  are  usually  the. seat  of  the  pyogenic 
cocci  and  are  readily  infected  by  the  diphtheria  bacilli  and  otfiers. 
Whether  the  absolutely  intact  epithelium  allows  the  passage  of  these 
bacteria  is  disputed,  but  with  the  slight  pathological  lesions  usually 
present  it  undoubtedly  does. 

The  Lungs. — Most  inhaled  bacteria  which  pass  the  larynx  are 
caught  in  the  bronchi.  Many  of  these  are  gradually  removed  by  the 
ciliated  epithelium.  Both  the  alveolar  epithelial  cells  and  the  leuko- 
cytes which  enter  the  air  sacs  and  bronchioles  have  been  shown  to 
take  up  bacteria.  The  normal  lung  is,  therefore,  rapidly  freed  of 
saprophytic  and  many  parasitic  bacteria.  When  subjected  to  dele- 
terious influences  such  as  exposure  to  cold,  the  lung  tissues  seem  to 
lose  tiieir  protective  defences  and  become  subject  to  infection. 

The  Stomach. — The  pure  gSastric  juice,  through  the  hydrochloric 
acid  it  contains,  is  able  to  kill  most  non-spore-bearing  organisms  in  a 
short  time,  but  because  of  neutralization  through  food,  or  because  the 
bacteria  are  protected  in  the  food,  many  of  them  pass  into  the  intes- 
tines. Tubercle,  typhoid,  colon,  and  dysentery  bacilli,  when  fed  by 
the  mouth  with  food,  readily  pass  beyond  the  stomach.  Certain 
acidojAilic  germs,  as  well  as  yeasts  and  torulro,  seem  to  grow  in  the 
gastric  secretion;  these  are  largely  non-pathogenic.  Perlforation  of 
the  stomach  is  usually  followed  by  peritonitis,  because  of  the  irritant 
effect  of  the  gastric  juice  and  the  presence  of  bacteria  which  are 
temporarily  retained.  The  gastric  juice  neutralizes  tetanus  and 
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diphtheria  toxins.  Other  poisons,  such  as  some  that  occur  in  de- 
cayed meat,  are  not  neutralized.  The  stomach  is  exceptionally  free 
from  bacterial  inflammations. 

Intestines. — The  bile  is  feebly  bactericidal  for  some  bacteria,  but, 
on  the  whole,  the  intestinal  secretions  have  little  or  no  germicidal 
power.  The  number  of  bacteria  increase  steadily  from  the  duode- 
num to  the  head  of  the  colon,  and  diminish  slightly  from  the  upper 
to  the  lower  end  of  the  colon.  The  pancreatic  juice  destroys  many 
of  the  toxic  bacterial  products.  The  presence  of  the  bacilli  of  the 
colon  group,  of  streptococci,  etc.,  does  not  often  lead  to  any  inflamma- 
tory condition  in  the  normal  intestines  of  healthy  persons.  In  chil- 
dren suffering  from  the  prostrating  effects  of  heat  they  are  apt  to 
excite  inflammatory  changes.  Even  pathogenic  bficteria,  such  as 
the  typhoid,  dysentery,  and  tubercle  bacilli,  may  pass  through  the 
whole  length  of  the  healthy  intestines  without  inciting  inflammations. 
Slight  lesions  aid  the  passage  of  bacteria  to  the  deeper  structures. 

Importance  of  Location  of  Point  of  Entry  of  Bacteria. — Most 
bacteria  cause  infection  only  when  they  gain  access  to  special  tissues 
and  must,  therefore,  enter  through  certain  portals.  This  fact  is  of 
immense  importance  in  the  transmission  or  prevention  of  disease. 
Thus,  for  example,  let  us  rub  very  virulent  streptococci,  typhoid 
bacilli,  and  diphtheria  bacilli  into  an  abrasion  on  the  hand.  The 
typhoid  bacillus  produces  no  lesion,  the  diphtheria  bacillus  but  a 
very  minute  infected  area,  but  the  streptococcus  may  give  rise  to  a 
severe  cellulitis  or  fatal  septicsemia.  Now  place  the  same  bacteria 
on  an  abrasion  in  the  throat.  The  typhoid  bacillus  is  again  harm- 
less; the  diphtheria  bacillus  produces  inflammation,  a  pseudomem- 
brane,  and  toxaemia,  and  the  streptococcus  causes  an  exudate,  an 
abscess,  or  a  septicaemia.  Finally,  introduce  the  same  bacteria  into 
the  intestines,  and  now  it  is  the  typhoid  bacillus  which  produces  its 
characteristic  lesions,  while  the  streptococcus  and  diphtheria  bacillus 
are  usually  innocuous. 

If  we  tried  in  this  way  all  the  parasitic  bacteria  we  would  find 
that  certain  varieties  are  capable  of  developing,  and  thereby  exciting 
disease,  only  on  the  mucous  membrane  of  the  throat,  others  of  the 
intestine,  others  of  the  urethra ;  some  develop  only  in  the  connective 
tissues  or  in  the  blood,  while  others,  again,  under  favorable  condi- 
tions, seem  able  to  grow  in  or  upon  most  regions  of  the  body. 

The  Dissemination  of  Disease. — The  spread  of  infection  is  influ- 
enced by :  1.  The  number  of  species  of  animals  subject  to  infection. 

Many  human  infectious  diseases  do  not  occur  in  animals,  and 
many  animal  infections  are  not  found  in  man.  Thus,  so  far  as  we 
know,  gonorrhoea,  syphilis,  measles,  smallpox,  typhoid  fever,  etc.,  do 
not  occur  in  animals  under  ordinary  conditions ;  while  tuberculosis, 
anthrax,  glanders,  hydrophobia,  and  some  other  diseases  are  common 
to  both  man  and  animals. 

2.  The  quantity  of  the  infectious  material  and  the  manner  in 
which  it  is  thrown  off  from  the  body. 
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In  diphtheria,  typhoid  fever,  cholera,  pidmonary  tuberculosis, 
septic  endometritis,  influenza,  and  gonorrhoea  enormous  numbers  of 
infectious  bacteria  are  cast  off  through  the  discharges  from  the 
mouth,  intestines,  and  genitourinary  secretions,  causing  great  danger 
of  infection.  On  the  other  hand,  in  tuberculous  peritonitis,  relaps- 
ing fever,  septic  pleurisy  and  endocarditis,  gonorrhoeal  rheumatism, 
and  the  like,  there  is  little  or  no  danger  of  infecting  others,  as  few 
or  no  bacteria  are  cast  off. 

3.  The  resistance  of  the  infectious  bacteria  to  the  deleterious 
effects  of  drying,  light,  heat,  etc. 

In  this  case  the  presence  or  absence  of  spores  is  of  the  greatest 
importance.  The  spore-bearing  bacilli,  such  as  tetanus,  anthrax, 
etc.,  being  able  to  withstand  destruction  for  a  long  time,  retain  their 
power  of  producing  infection  for  months  or  even  years  after  elimi- 
nation from  the  body.  The  bacteria  which  form  no  spores  show 
great  variation  in  their  resistance  to  outside  influences.  Some  of 
these,  such  as  the  influenza  bacilli  and  the  gonococci,  the  virus  of 
syphilis  and  hydrophobia,  are  extremely  sensitive ;  the  pneumococci, 
cholera  spirilla,  glanders  bacilli,  etc.,  are  a  little  hardier ;  then  follow 
the  diphtheria  bacilli,  and  after  them  the  typhoid  and  tubercle  bacilli 
and  the  staphylococci. 

4.  The  ability  or  the  lack  of  ability  to  grow  outside  of  the  infected 
tissues. 

Such  bacteria  as  the  pneumococcus,  tubercle,  influenza,  diph- 
theria, glanders,  and  leprosy  bacilli  do  not  develop,  as  far  as  we 
know,  outside  of  the  body  under  ordinary  conditions.  Under  excep- 
tional circumstances,  as  in  milk,  some  may  develop.  Others,  again, 
such  as  the  streptococcus  and  staphylococcus,  typhoid  and  anthrax 
bacillus,  the  cholera  spirillum,  and  some  anaerobes,  may  develop 
under  peculiar  conditions  existing  in  water  or  soil. 

While  for  the  pathogenic  bacteria,  as  a  rule,  the  saprophytes  met 
with  in  the  soil  and  water  are  antagonistic,  yet  in  some  cases — and 
especially  is  this  true  of  the  anaerobic  bacteria — they  are  helpful. 
Such  bacilli  as  tetanus  are  believed  to  require  the  association  of 
aerobic  bacteria  to  permit  of  their  development  in  the  soil  in  the 
presence  of  oxygen. 

5.  Ability  to  develop  in  or  upon  some  portion  of  the  skin  or  mu- 
cous membrane,  either  after  or  before  disease,  and  without  causing 
infection.  As  complete  a  knowledge  as  possible  of  this  saprophytic 
development  in  man  of  parasitic  bacteria  is  necessary  if  we  are  to 
combat  the  spread  of  infection.  In  the  superficial  layers  of  the 
epithelium  and  on  the  surface  of  the  skin  we  find  the  different  pyo- 
genic cocci,  which  are  capable  of  infecting  a  wounded  or  injured 
part  or  causing  inflammation  in  the  glands.  Acne,  the  pustules  in 
smallpox,  the  pus  on  a  burned  surface,  boils,  etc.,  all  come  from  these 
pyogenic  cocci.  In  surgical  cases  the  skin  has  to  be  as  thoroughly 
disinfected  as  possible,  to  prevent  the  formation  of  stitch-hole  ab- 
scesses and  wound  suppuration. 
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In  the  secretion  of  the  mucous  membrane  covering  the  pharynx 
and  nasopharynx  there  is  always  an  abundance  of  bacteria.  In 
throats  examined  in  New  York  City,  streptococci,  staphylococci,  and 
pneumococci  are  found  in  almost  every  instance,  and  even  in  the 
country  they  are  often  present.  In  the  anterior  nares  there  are 
fewer  parasitic  bacteria  than  in  the  posterior  portions.  The  nasal 
secretion  is  only  very  slightly,  if  at  all,  bactericidal.  Many  other 
varieties  of  bacteria,  such  as  the  meningococci  and  the  influenza 
bacilli,  are  probably  often  present  in  small  numbers.  In  those  con- 
stantly in  contact  with  cases  of  diphtheria,  and  in  those  convalescent 
from  diphtheria,  virulent  diphtheria  bacilli  are  frequently  found  in 
the  throat. 

After  exposure  to  cold  or  injury  of  any  kind,  owing  to  the  pres- 
ence of  these  bacteria,  the  persons  harboring  them  may  develop  ton- 
sillitis, tonsillar  abscess,  or  diphtiieria;  or  the  bacteria  may  invade 
the  bronchial  mucous  membrane  or  the  lungs.  The  diphtheria  ba- 
cilli, and  perhaps  other  bacteria,  transmitted  to  others  may  become 
the  source  of  infection  to  them,  though  the  person  who  spreads  the 
infection  may  remain  unaffected. 

After  convalescence  from  typhoid  fever  and  cholera,  from  one  to 
three  per  cent  remain  bacillus  carriers  for  months  or  years. 

Autoinfection. — Some  good  observers  have  stated  that  bacteria 
can  be  absorbed  through  the  intestinal  wall  into  the  chyle  and  blood. 
When  the  intestinal  canal  is  injured,  or  its  circulation  hindered  by 
strangulation,  etc.,  Bacillus  coli  and  some  other  bacteria  may  pene- 
trate through  the  injured  walls  and  cause  peritonitis  or  general  in- 
fection. Under  certain  conditions,  as  during  the  debility  due  to  hot 
weather,  the  bacteria  in  the  intestines  cause,  through  their  products, 
irritation,  and  in  children  even  serious  intestinal  inflammation. 

The  kidneys,  bladder,  and  urethra  may  be  the  source  of  infection 
and  may  give  rise  to  disease.  Long  after  an  acute  gonorrhoBa  has 
passed  gonococci  may  remain  in  sufficient  numbers  to  cause  a  new 
inflammation  or  produce  infection  in  others.  A  cystitis  may  run  on 
chronically  for  years,  and  then  suddenly  become  acute  or  spread 
infection  to  the  kidneys.  A  persistent  gonorrhoeal  vaginal  infection 
may  lead  to  a  gonorrhoeal  endometritis,  or  salpingitis,  or  peritonitis, 
under  suitable  conditions.  The  staphylococci .  in  the  skin  and  the 
colon  bacilli  and  pyogenic  cocci  in  the  fecal  discharges  may  also  be 
carried  into  the  bladder  and  uterus  and  produce  septic  infection. 

Occasionally  the  casting  off  of  the  bacteria  allows  them  to  infect 
other  places,  as  in  some  cases  where  laryngeal  and  intestinal  tuber- 
culosis follow  pulmonary  tuberculosis.  We  must  bear  in  mind,  how- 
ever, that  infection  in  these  regions  may  have  been  produced  through 
the  lymph-  and  blood-channels. 

In  nearly  all  cases  of  infection  the  products  of  bacterial  growth 
are  absorbed  into  the  blood,  and  along  with  them  a  few  bacteria  also, 
even  when  they  do  not  reproduce  themselves  in  it.  The  greater  the 
extent  of  the  infection  and  the  more  deep  seated  it  is,  the  greater  is 
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the  amount  of  absorption.  The  bacteria  enter  the  blood,  according 
to  Kruse,  by  (1)  passive  entrance  through  Ihe  stromata  of  the  capil- 
lary walls;  (2)  carriage  into  the  blood  in  the  bodies  of  leukocytes; 
(3)  growth  of  the  bacteria  through  the  walls  of  Ihe  vessels;  (4) 
transmission  of  the  bacteria  through  the  lymph  glands  placed  be- 
tween the  lymph-  and  blood-vessels. 

When  bacteria  are  abundant  in  the  blood  they  become  fixed  in  the 
capillaries  of  one  or  all  of  the  organs,  especially  of  the  liver,  kidneys, 
spleen,  and  lungs,  and  then  directly,  or  by  means  of  the  leukocytes, 
whidi  penetrate  the  capillary  walls,  they  pass  into  the  tissues  and 
substance  of  the  organs.  They  thus  reach  the  lymph  channels  and 
glands,  or  gain  entrance  into  the  gall-bladder,  saliva,  etc.,  or  press 
through  the  epithelium,  as  in  the  alveoli  of  the  lungs;  more  rarely 
they  pass  through  the  kidney  tissue  into  the  urine,  as  in  typhoid 
fever,  though  some  deny  that  this  can  happen  unless  there  is  a  pre- 
vious inflammation  of  the  kidneys. 

Elimination  of  Bacteria  through  the  Milk. — The  passage  of  bac- 
teria through  the  breast  is  important,  from  the  fact  that  milk  is  so 
largely  used  as  food.  Many  observers  have  reported  the  finding  of 
tubercle  bacilli  in  milk  when  the  gland  itself  was  intact  and  the  ani- 
mal tuberculous.  Some  authorities  have  put  its  presence  in  milk, 
under  these  circumstances,  as  high  as  50  per  cent,  of  the  cases. 
This,  in  our  experience,  is  undoubtedly  too  high,  and  probably  these 
observers  have  been  deceived  by  the  pseudotubercle  and  certain  other 
acid  fast  bacilli.  The  fact  that  tubercle  bacilli  swallowed  with  the 
sputum  are  passed  alive  in  the  feces  explains  the  frequent  occurrence 
of  bacilli  in  the  milk  without  udder  tuberculosis.  They  are  undoubt- 
edly present,  however,  in  the  milk  of  some  animals  in  which  tuber- 
culous disease  of  the  gland  could  not  be  demonstrated.  The  finding 
of  streptococci  and  staphylococci  is  due  probably  in  the  majority  of 
cases  to  the  infections  taking  place  as  the  milk  is  voided,  for  the 
epithelium  at  the  outlet  of  the  lacteal  ducts  is  always  infected  with 
staphylococci,  and  usually  streptococci,  which  have  often  been  re- 
ceived from  the  mouth  of  the  sucking  infant. 

Elimination  of  Bacteria  by  the  Skin  and  Mucous  Membranes. — 
Whether  bacteria  pass  from  the  blood  by  the  sweat  is  a  mooted  point. 
The  skin  is  always  the  seat  of  the  staphylococcus  and  frequently  of 
other  bacteria,  so  that  it  is  difficult  to  determine  in  any  given  case 
the  origin  of  the  bacteria  found  in  the  sweat.  Many  observers  have 
reported  the  passage  of  bacteria  from  the  blood  through  the  mucous 
membrane.  So  long  as  the  organs  of  secretion  are  not  injured  it  is 
not  likely  that  any  microorganisms  are  eliminated  from  the  blood  in 
this  way.  Bacteria  are  sometimes  eliminated  through  the  urine,  but 
here,  as  a  rule,  when  great  numbers  of  organisms  are  found,  it  is  due 
to  development  in  the  bladder.  Such  removal,  moreover,  has  little 
if  any  beneficial  effect ;  on  the  contrary,  it  may  be  a  source  of  danger 
to  others,  as  in  typhoid  fever.  The  removal  of  the  poisonous  prod- 
ucts of  bacteria  by  the  kidneys,  intestines,  etc.,  on  the  contrary,  is 
of  great  advantage  to  the  organism. 


CHAPTEK   XIV. 

THE  ANTAGONISM  EXISTING  BETWEEN  THE  FLUIDS  AND  CELLS 
OF  THE  LIVING  BODY  AND  MICROORGANISMS. 

That  certain  races  of  animals  and  men,  and  certain  individuals 
among  these,  are  more  refractory  to  disease  than  others  is  a  fact 
which  has  long  been  known.  Experience  and  observation  have 
taught  us,  further,  that  the  same  individuals  are  at  one  time  more 
resistant  to  disease  than  at  another.  This  inborn  or  spontaneous 
refractory  condition  to  an  infectious  disease  is  termed  natural  im- 
munity, in  contradistinction  to  that  acquired  by  recovery  from  the 
disease. 

On  the  part  of  the  bacteria,  we  distinguish  between  the  ability  to 
produce  poison  and  the  power  to  multiply  in  the  body ;  on  the  part 
of  the  animal  body  we  distinguish  between  immunity  to  poison  and 
power  to  inhibit  the  development  of  the  bacteria  producing  it. 

In  regard  to  variations  in  susceptibility,  certain  known  facts  have 
been  accumulated.  Thus,  cold-blooded  animals  are  generally  insus- 
ceptible to  infection  from  those  bacteria  which  produce  disease  in 
warm-blooded  animals,  and  vice  versa.  This  is  partly  explained  by 
the  inability  of  the  bacteria  which  grow  at  the  temperature  of  warm- 
blooded animals  to  thrive  at  the  temperature  commonly  existing  in 
cold-blooded  animals.  But  differences  are  observed  not  only  between 
warm-blooded  and  cold-blooded  animals,  but  also  between  the  several 
races  of  warm-blooded  animals.  The  anthrax  bacillus  is  very  infec- 
tious for  the  mouse  and  guinea-pig,  while  the  rat  is  not  susceptible 
to  it  unless  its  body  resistance  is  reduced  by  disease  and  the  amount 
of  infection  is  great  The  inability  of  the  microorganism  to  grow 
in  the  body  of  an  animal  does  not  usually  indicate,  however,  an  insus- 
ceptibility to  its  poison;  thus,  for  instance,  rabbits  are  less  suscep- 
tible than  dogs  to  the  effects  of  the  poison  elaborated  by  the  pneumo- 
cocci,  but  these  bacteria  develop  much  better  in  the  former  than  in 
the  latter.  Differences  in  susceptibility  are  sometimes  very  marked 
among  different  varieties  of  the  same  race  of  animals,  as,  for  instance, 
between  different  kinds  of  rats  and  pigeons  to  anthrax.  In  animals, 
as  a  whole,  it  is  noticed  experimentally  that  the  young  are  less  re- 
sistant to  infection  than  the  older  and  larger  ones. 

The  difficulty  experienced  by  the  large  majority  of  bacteria  in 
developing  in  the  tissues  of  the  healthy  body  can  be  to  a  great  extent 
removed  by  any  cause  which  lowers  the  general  or  local  vitality  of 
the  tissues.  Among  the  causes  which  bring  about  such  lessened 
resistance  of  the  body  are  hunger  and  starvation,  bad  ventilation  and 
beating,  exhaustion  from  over-exertion,  exposure  to  cold,  the  delete- 
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nous  eflFects  of  poisons,  bacterial  or  other,  acute  and  chronic  diseases, 
vicious  habits,  drunkenness,  etc.  Purely  local  injuries,  such  as 
wounds,  contusions,  etc.,  give  a  point  of  entrance  for  infection,  and 
a  point  of  less  resistance,  where  the  bacteria  may  develop  and  through 
their  poison  produce  adjacent  inflammation.  Local  affections,  such 
as  endocarditis,  may  also  afford  an  area  of  lessened  resistance  for 
the  bacteria  to  seize  upon.  The  presence  of  foreign  bodies  in  the 
tissues  in  like  manner  predisposes  them  to  bacterial  invasion.  In- 
terference with  free  circulation  of  blood  and  retention  in  llie  body 
of  poisonous  substances  which  should  be  eliminated  also  tend  to 
lessen  the  vitality.  In  these  and  other  similar  ways  animals  which 
are  otherwise  refractory  may  acquire  a  susceptibility  to  disease. 

Increase  of  Resistance  by  Non-specific  Means. — Just  as  all  con- 
ditions which  are  deleterious  to  the  body  lessen  its  power  of  resist- 
ance to  bacterial  invasion,  so  all  conditions  which  are  favorable  to  it 
increase  its  resistance,  and  thus  aid  in  preventing  and  overcoming 
infection.  The  internal  use  of  antiseptics  against  bacteria  has  not 
proved  successful,  for  the  reason  that  an  amount  still  too  small  to  in- 
hibit bacterial  growth  is  found  to  be  poisonous  to  the  cells.  The 
eflicacy  of  quinine  in  malaria  and  mercury  in  syphilis  is,  possibly, 
an  exception  to  the  rule,  but  in  both  cases  we  are  dealing  probably 
with  animal  parasites,  not  with  true  bacteria.  Such  substances  as 
nuclein  and  similar  organic  substances  contained  in  blood  serum, 
when  introduced  into  the  body  in  considerable  quantity,  aid  some- 
what in  inhibiting  or  preventing  the  growth  of  many  bacteria. 
Even  bouillon,  salt  solution,  and  small  amounts  of  urine  have  a  slight 
inhibitory  action.  The  hastening  of  elimination  of  the  bacterial 
poisons  by  free  intestinal  evacuation  and  encouragement  of  the  func- 
tions of  ihe  skin  and  kidneys  are  also  of  some  avail.  The  enzymes 
formed  by  certain  bacteria  have  been  found  to  exert  a  slight  bacteri- 
cidal action  not  only  on  the  germs  which  have  directly  or  indirectly 
produced  them  in  the  body,  but  also  on  other  varieties.  None  of 
these  enzymes  are  suflBciently  protective  to  be  of  practical  value,  nor 
are  they  equal  in  power  to  the  protective  substances  formed  by  the 
tissues  from  the  bacterial  products. 

Use  of  Local  Treatment  in:  Limiting  Bacterial  Invasion. — ^The 
total  extirpation  of  the  infected  area  by  surgical  means,  if  thoroughly 
carried  out,  removes  the  bacteria  entirely ;  but,  unfortunately,  this 
procedure  is  rarely  possible.  When  incomplete  it  is  frequently  help- 
ful ;  but  it  may  be  harmful,  for  by  creating  tissue  injury  and  expos- 
ing fresh  wounded  surfaces  to  infection  it  may  lead  to  the  furtiier 
development  of  the  disease.  Again,  it  may  do  no  good,  for  by  re- 
moving only  a  portion  of  the  bacteria  it  may  leave  those  which  have 
already  reached  the  deeper  tissues  or  blood  to  go  on  developing.  In 
some  cases,  however,  like  anthrax  and  infection  from  bites  of  rabid  ani- 
mals, total  or  almost  complete  removal  of  the  virus  is  possible,  either 
by  the  knife  or  thorough  cauterization,  and  will  prevent  a  general 
infection  or  so  lessen  the  number  of  bacteria  in  the  body  as  to  allow 
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the  bactericidal  element  of  its  fluids  to  exterminate  item.  So  also 
in  tetanus,  the  invasion  being  limited,  surgical  interference  may  be 
of  great  use  by  removing  not  only  the  bacilli  themselves,  but  also  that 
portion  of  their  poison  which  has  not  as  yet  been  absorbed  from  the 
tissues.  The  beneficial  effects  of  opening  an  abscess,  incising  a 
cellulitis,  or  cleansing  and  draining  the  uterine  cavity  are  well 
known.  The  retention  of  the  poisonous  products  of  the  bacteria 
leads  to  their  absorption,  and  then  through  their  combining  with 
some  of  the  tissue  cells  and  with  the  protective  substances  of  the 
adjacent  fluids  the  tone  of  the  tissues  is  lowered  at  the  same  time 
that  bactericidal  substance  has  been  neutralized.  This  enables  the 
bacteria  to  penetrate  into  tissues  which  would  otherwise  resist  them. 
The  mechanical  effect  of  pressure  on  the  walls  of  an  abscess  by  its 
contents  also  aids  absorption  of  toxines  and  bacterial  progress. 
Local  bleeding  and  the  application  of  cold  probably  act  by  lessening 
tension.  The  application  of  warmth  increases  the  blood  flow  to  the 
part,  and  so,  when  the  general  blood  supply  is  bactericidal,  as  it 
often  is,  it  acts  favorably  on  the  inflammation.  A  similar  effect  of 
operative  interference  is  noticed  in  tiie  frequently  observed  bene- 
ficial result  of  laparotomy  in  tuberculous  peritonitis. 

Antiseptic  solutions  have  the  power  of  cleansing  and  rendering 
sterile  the  surfaces  of  a  wound — tiiat  is,  of  preventing  the  introduc- 
tion .of  infection.  After  infection  has  taken  place,  however,  it  is 
doubtful  whether  antiseptic  washing  has  much  more  direct  influence 
than  simple  cleansing,  and  it  certainly  can  have  no  bactericidal  effect 
at  any  distance  from  the  surface,  either  direct  or  indirect^  Certain 
infectious  diseases  which  are  comparatively  superficial  are  probably 
benefited  by  antiseptic  solutions ;  such  are  gonorrhoea,  diphtheria,  and 
other  inflammations  of  the  mucous  membranes.  Even  here,  how- 
ever, it  is  impossible  to  do  more  than  disinfect  superficially,  and  in 
some  cases  any  irritation  of  the  tissues  is  apt  to  do  more  harm  than 
good.  In  the  superficial  lesions  of  syphilis  and  tuberculosis  the 
local  use  of  antiseptics  is  sometimes  of  great  value.  In  these  dis- 
eases the  irritant  effects  of  the  antiseptics  which  stimulate  the  tissues 
may  also  be  beneficial. 

Specific  Immunity,  or  a  Oondition  of  the  Body  which  Prevents 
the  Development  in  it  of  One  Variety  of  Microorganisms  or  Benders 
it  Unaffected  by  Their  Bacterial  Poisons. — The  invasion  of  the  body 
by  almost  every  variety  of  microorganism  is  followed,  if  death  does 
not  quickly  ensue,  by  conditions  which  for  a  variable  period  and 
to  a  variable  degree  are  deleterious  to  the  further  growth  of  that 
variety.  This  more  or  less  pronounced  specific  immunity  may  be 
created  in  various  ways : 

1.  Through  recovery  from  disease  naturally  contracted  or  from 
infection  artificially  produced.  According  to  the  nature  of  the  in- 
vading microorganism  this  immunity  may  be  slight,  as  after  recovery 
from  erysipelas  or  pneumonia,  marked  for  a  limited  period  of  time, 
as  in  diphtheria  and  typhoid  fever,  or  prolonged,  as  after  scarlet 
fever  or  syphilis. 
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2.  By  the  injection  of  microorganisms  attenuated  by  heat,  chem- 
icals, or  other  means.  In  this  case  an  infection  of  the  animal  is 
produced,  of  moderate  severity,  as  a  rule,  and  the  immunity  is  not 
quite  as  marked  and  lasting  as  after  recovery  from  a  more  serious 
attack;  but  it  is,  nevertheless,  considerable.  The  inoculation  of 
sheep  with  the  attenuated  anthrax  bacillus  and  the  use  of  vaccination 
in  man  are  examples  of  this  method. 

3.  By  the  injection  of  the  living  organisms  into  tissues  where 
development  will  not  take  place,  as  the  injection  of  typhoid  bacilli 
or  cholera  spirilla  into  the  subcutaneous  tissues.  Here  the  solution 
of  the  bacteria  with  the  absorption  of  their  products  causes  a  mild 
chemical  poisoning,  with  considerable  resulting  immunity. 

4.  By  tiie  injection  of  tiie  dead  bodies  of  bacteria  or  of  the  chem- 
ical products  which  they  elaborate  and  discharge  into  the  surround- 
ing culture  media  during  their  life.  This  produces  a  less  marked 
immunity  than  when  the  living  culture  is  used,  but  the  method  is 
a  safer  one. 

5.  By  the  injection  of  the  blood  serum  of  animals  which  have 
previously  passed  through  a  specific  disease  or  have  been  inoculated 
with  the  bacterial  products.  The  first,  probably,  to  think  of  the 
possibility  of  eflFecting  this  was  Raynaud,  who  in  1877  showed  that 
the  injection  of  large  quantities  of  serum  derived  from  a  vaccinated 
calf  into  an  animal  prevented  its  successful  vaccination.  The  re- 
sults obtained  by  Behring  and  Kitasato  upon  diphtheria  and  tetanus, 
where  the  serum  neutralized  the  poisons  rather  than  the  direct 
development  of  the  bacteria,  gave  a  still  greater  impetus  to  these 
investigations. 

Suitable  animals  after  repeated  infections  gradually  accumulate 
in  their  blood  considerable  amounts  of  these  protective  substances, 
so  that  very  small  amounts  of  serum  inserted  in  another  animal  will 
inhibit  the  growth  of  the  bacteria  or  neutralize  their  products. 
Thus,  0.1  c.c.  of  a  serum  from  a  horse  frequently  infected  by  the 
pneumococcus  will  prevent  the  development  in  the  body  of  a  rabbit 
of  many  thousand  times  the  fatal  dose  of  very  virulent  pneumococci, 
and  a  few  times  a  fatal  dose  of  less  virulent  ones,  the  actual  number 
as  well  as  the  virulence  of  the  bacteria  affecting  the  protective  value 
of  the  serum. 

These  protective  substances  are  found  also  in  other  fluids  of  the 
body  than  in  the  blood ;  they  occur,  indeed,  in  the  substance  of  many 
cells  to  a  greater  or  less  extent. 

The  immunity  produced  by  these  five  methods  affects  the  entire 
body,  as  is  natural,  since  the  blood  into  which  they  are  absorbed  is 
distributed  everywhere.  When  the  immunity  is  but  slight,  infection 
may  take  place  in  the  more  sensitive  regions  or  where  a  large  num- 
ber of  bacteria  have  gained  access,  and  still  be  impossible  in  those 
tissues  having  more  natural  resistance  or  slighter  infection. 

Passive  as  Contrasted  with  Active  Immunity. — After  the  immune 
serum  is  injected  into  man  the  immunity  is  greatest  immediately 
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is  injured  or  destroyed,  the  pyogenic  cocci  already  present  are  now 
enabled  in  this  diseased  membrane  to  grow,  produce*  their  poison,  and 
even  invade  deeper  tissues.  The  intestinal  mucous  membrane  is 
invaded  in  a  similar  way  by  the  colon  bacilli  and  other  organisms 
after  injury  by  the  typhoid  or  dysentery  bacilli  or  cholera  spirilla. 
Generally  speaking  all  inflammations  of  the  mucous  membranes  and 
skin  contain  some  of  the  elements  of  mixed  infection.  Blood  infec- 
tion, on  the  other  hand,  is  usually  due  to  one  form  of  bacteria,  as 
even  when  several  varieties  are  introduced,  only  one,  as  a  rule,  is 
capable  of  development.  The  same  is  true  to  a  somewhat  less  extent 
of  inflanamation  of  the  connective  tissue.  The  additional  poison 
given  off  by  the  associated  bacteria  aid  infection  by  the  primary 
invaders  by  causing  a  lowering  of  the  vital  resistance  of  the  body. 
In  some  cases  the  secondary  infection  is  a  greater  danger  than  the 
primary  one,  as  pneumococcic  bronchopneumonia  in  laryngeal  diph- 
theria or  streptococci  septicaemia  in  scarlet  fever  and  smallpox. 

The  bacteria  are  also  at  times  directly  influenced  by  the  products 
of  associated  organisms.  These  may  affect  them  injuriously,  as,  for 
example,  the  pyogenic  cocci  in  anthrax ;  or  they  may  be  necessary  to 
their  development,  as  in  the  case  of  anaerobic  bacteria.  Not  infre- 
quently the  tetanus  bacilli  or  spores  would  not  be  able  to  develop  in 
woimds  were  it  not  for  the  presence  of  aerobic  bacteria  introduced 
with  them.  This  is  shown  outside  the  body,  where  tetanus  bacilli 
will  not  grow  in  the  presence  of  oxygen  unless  aerobic  bacteria  are 
associated  with  them.  Again,  it  is  found  that  the  association  of  one 
variety  with  another  may  increase  its  virulence.  Streptococci  are 
stated  to  increase  the  virulence  of  diphtheria  bacilli,  but  here  it  is 
probably  the  loss  of  resistance  of  the  tissues  because  of  the  strepto- 
coccic poison.  On  the  other  hand,  the  absorption  of  the  products  of 
certain  bacteria  immunizes  the  body  against  the  invasion  of  other 
bacteria,  as  shown  by  Pasteur  that  attenuated  chicken-choleora  cultures 
produce  immunity  against  anthrax.  In  intestinal  putrefaction  harm- 
less varieties  of  bacteria  may  be  made  to  crowd  out  dangerous  ones. 

Tissue  Oharacteristics  Influencing  the  Entrance  and  Qrowth  of 
Bacteria. — The  Skin. — The  unbroken  skin  is  a  poor  soil  for  bacteria 
and  is  a  great  protection  against  the  penetration  of  microorganisms. 
When  they  do  penetrate,  it  is  through  the  glands,  or  more  often 
through  some  unobserved  wound.  The  bacterial  toxins  are  not 
absorbed. 

There  is  an  apparent  exception  to  the  above  statements  in  the  fact 
that  the  pyogenic  staphylococci  and  sometimes  the  streptococci  exist 
upon  the  skin  or  in  it  between  its  superficial  horny  cells,  some  excep- 
tional circumstances,  such  as  wounds  or  bums,  being  required  to 
allow  the  organisms  to  penetrate  deeper.  The  cutaneous  sweat 
glands,  and  the  hair  follicles  with  their  appended  sebaceous  glands, 
may  allow  entrance  of  infection,  as  various  incidents  may  lead  to 
the  introduction  and  retention  of  virulent  microorganisms.  When 
this  occurs  the  retained  products  may  lead  to  necrosis  of  the  epithe- 
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liiim  and  thus  allow  the  bacteria  to  penetrate  to  the  deeper  tissues. 
The  secretion  of  the  sebaceous  glands  appears  not  to  be  bactericidal, 
but  the  acidity  of  the  perspiration  renders  it  slightly  so. 

Subcntaneoiis  Connective  TiBsnes. — ^Many  bacteria  cannot  develop  in 
the  connective  tissues  and  others  produce  a  milder  infection  there  than 
elsewhere.  Others  develop  readily  and  cause  infection.  The  rapid- 
ity of  development  of  new  connective  tissue  and  the  bactericidal 
properties  of  the  lymph  are  the  main  known  hindrances  to  infection. 

The  Mucous  Membranes. — The  moist  condition  of  the  surface  of  the 
membranes  aids  bacterial  multiplication.  Mucus  is  only  slightly 
bactericidal  for  some  bacteria  and  not  at  all  for  others.  Bacteria, 
such  as  the  pneumocooci  and  streptococci,  remaining  in  it  become 
somewhat  attenuated;  The  conjunctival  mucous  membranes  are 
protected  by  the  cleansing  produced  by  the  flow  of  the  lacrymal  secre- 
tion and  by  its  slight  germicidal  action.  In  infancy  the  membranes 
are  readily  infected  by  gonooocci  and  later  by  pneumococci,  by  the 
Koch-Weeks  bacillus  and  others.  The  mucous  membranes  of  the 
nasal  cavity  are  somewhat  cleansed  by  the  nasal  secretion,  which  is 
feebly  bactericidal.  The  deeper  portions  of  the  nasal  cavity  are 
usually  the  seat  of  streptococci  and  other  bacteria.  The  mouth  in 
a  person  in  health  is  cleansed  by  the  feebly  bactericidal  saliva. 
When  the  teeth  are  decayed  many  varieties  of  bacteria  abound.  The 
bacteria,  such  as  the  diphtheria  bacilli,  streptococci,  etc.,  rarely  in- 
vade the  mucous  membrane  of  the  tongue  or  mouth. 

The  tonsils  with  their  crypts  are  usually  the. seat  of  the  pyogenic 
cocci  and  are  readily  infected  by  the  diphtheria  bacilli  and  others. 
Whether  the  absolutely  intact  epithelium  allows  the  passage  of  these 
bacteria  is  disputed,  but  with  the  slight  pathological  lesions  usually 
present  it  undoubtedly  does. 

The  Lungs. — ^Most  inhaled  bacteria  which  pass  the  larynx  are 
caught  in  the  bronchi.  Many  of  these  are  gradually  removed  by  the 
ciliated  epithelium.  Both  the  alveolar  epithelial  cells  and  the  leuko- 
cytes which  enter  the  air  sacs  and  bronchioles  have  been  shown  to 
take  up  bacteria.  The  normal  lung  is,  therefore,  rapidly  freed  of 
saprophytic  and  many  parasitic  bacteria.  When  subjected  to  dele- 
terious influences  such  as  exposure  to  cold,  the  lung  tissues  seem  to 
lose  their  protective  defences  and  become  subject  to  infection. 

The  Stomach. — The  pure  ^stric  juice,  through  the  hydrochloric 
acid  it  contains,  is  able  to  kill  most  non-spore-bearing  organisms  in  a 
short  time,  but  because  of  neutralization  through  food,  or  because  the 
bacteria  are  protected  in  the  food,  many  of  them  pass  into  the  intes- 
tines. Tubercle,  typhoid,  colon,  and  dysentery  bacilli,  when  fed  by 
the  mouth  with  food,  readily  pass  beyond  the  stomach.  Certain 
acidophilic  germs,  as  well  as  yeasts  and  tonilse,  seem  to  grow  in  the 
gastric  secretion;  these  are  largely  non-pathogenic.  Perforation  of 
the  stomach  is  usually  followed  by  peritonitis,  because  of  the  irritant 
effect  of  the  gastric  juice  and  the  presence  of  bacteria  which  are 
temporarily  retained.  The  gastric  juice  neutralizes  tetanus  and 
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Antitozm  a  Preventive. — ^Antitoxin  prevents  the  poisonous  action 
of  toxin.  It  does  not  restore  the  cells  after  they  have  been  injured 
by  the  toxin ;  it  is,  therefore,  like  the  bactericidal  substances,  a  pre- 
ventive rather  than  a  cure.  We  find,  experimentally,  that  a  very 
much  smaller  amount  of  antitoxin  will  neutralize  a  fatal  dose  of 
toxin  in  an  animal,  if  given  before  or  at  the  same  time,  than  if  given 
only  shortly  after  it  An  animal  already  profoundly  poisoned  by 
the  toxin  is  unaffected  by  any  amount  of  antitoxin. 

Duration  of  Immunity. — The  antitoxins  of  diphtheria  and  tetanus 
are  gradually  eliminated  from  the  body  after  their  injection  or  after 
their  production  from  toxin  injections.  After  the  usual  immuniz- 
ing dose  the  duration  of  immunity  is  only  from  two  to  six  weeks, 
the  period  differing  in  eadi  individual.  The  elimination  of  the 
antitoxin  takes  place  partly  through  the  urine  and  other  secretions, 
and  it  is  partly  destroyed  in  the  body.  An  animal  which  has  been 
highly  immunized  will  retain  considerable  amounts  of  antitoxin  for 
from  two  to  four  months. 

Stability  of  Antitoxins.  — The  different  antitoxins  vary  as  to  their 
stability  thus :  that  of  diphtheria  is  somewhat  more  stable  than  that 
of  tetanus.  Kept  aseptically  in  cold  and  dark  storage,  and  pro- 
tected from  access  of  air,  the  more  resistant  antitoxins  may  be  pre- 
served sometimes  for  a  year  or  two  with  very  little  deterioration  in 
strength.  At  other  times,  however,  from  unknown  causes,  they  are 
gradually  destroyed,  so  that  there  may  be  a  loss  of  about  3  per  cent 
per  month.  A  serum  requires,  therefore,  to  be  tested  every  few 
months  if  we  wish  to  be  assured  of  its  strength  in  antitoxin.  Pre- 
servatives, such  as  chloroform,  carbolic  acid,  trikresol,  etc.,  alter  anti- 
toxins only  very  slightly  when  in  dilute  solution,  but  in  strong  solu- 
tion they  partially  destroy  them.  Heat  up  to  62°  C.  does  not  injure 
them  greatly,  but  higher  temperatures  alter  them. 

Method  of  Administration. — Antitoxins  and  bactericidal  sub- 
stances are  absorbed  to  a  very  slight  extent  only  when  taken  by  the 
mouth — certainly  less  than  2  per  cent  They  must,  therefore,  be 
introduced  subcutaneously  or  intravenously  to  enter  the  body.  The 
antitoxic  serum  does  not  act  against  the  bacteria  directly,  but,  by 
neutralizing  their  poisons,  it  prevents  them  from  acting  as  irritants 
to  the  cells  and  thus  rendering  the  tissues  less  resistant  to  bacterial 
invasion. 


CHAPTER   XV. 

NATURE  OF  THE  PROTECTIVE  DEFENCES  OF  THE  BODY  AND 

THEIR  MANNER  OF  ACTION— EHRLICH'S  "SIDE 

CHAIN"  AND  OTHER  THEORIES. 

The  fluids  and  tissues  of  the  animal  body  under  the  normal  con- 
ditions of  life  are,  as  we  have  seen,  not  only  unsuitable  for  the  growth 
of  the  great  majority  of  the  varieties  of  bacteria,  but  even  bacteri- 
cidal to  the  living  organisms  and  antitoxic  to  their  poisons. 

In  seeking  to  account  for  the  bactericidal  property  of  the  blood, 
which  to  a  greater  or  less  extent  affects  all  bacteria,  we  cannot  find 
it  either  in  the  insufficient  or  excessive  concentration  of  the  nutritive 
substances,  or  in  the  temperature,  or  in  the  reaction;  for  althou^ 
some  of  these  conditions  may  be  unsuitable  for  some  bacteria,  they 
are  all  suitable  for  many,  and  thus  cannot  constitute  the  fundamental 
explanation  of  either  natural  or  acquired  immunity.  We  are  thus 
driven  to  the  conclusion  that  the  body  fluids  and  cells  contain  specific 
substances  which  are  peculiarly  deleterious  to  bacteria.  As  to 
the  origin  of  these  substances,  we  may  conceive  that  they  may  be 
either  regularly  produced  by  certain  types  of  the  many  varieties  of 
body  cells,  or  that  they  may  only  be  produced  when  bacteria  or  other 
foreign  cells  or  their  substance  invade  the  body.  When  formed  we 
can  conceive  that  they  may  remain  unaltered  in  the  fluids  for  a  long 
period  of  time  or  be  quickly  eliminated  or  destroyed. 

Bactericidal  Properties  of  the  Blood. — The  bactericidal  effect 
upon  most  bacteria  of  the  blood  serum,  noted  by  Nuttall  in  1888,  is 
now  undisputed,  and  is  readily  shown  by  the  fact  that  moderate  num- 
bers of  bacteria  when  inoculated  into  freshly  drawn  blood  usually 
soon  die,  and  this  destruction  may  be  so  rapid  that  in  a  few  hours 
none  of  millions  remain  alive.  Even  when  some  of  the  bacteria  sur- 
vive there  is  for  a  time  a  decrease  in  the  number  living.  Buohner 
in  1889  showed  tiiat  serum  heated  to  55°  was  inactivated,  that  is, 
it  lost  its  destructive  power.  He  believed  there  was  but  a  single 
bactericidal  substance  and  called  it    alexin. 

Pfeiffer,  in  1894,  showed  that  when  cholera  spirilla  were  injected 
into  the  peritoneal  cavity  of  a  guinea-pig,  which  had  not  been  im- 
munized, they  increased  and  caused  death,  while  in  an  immunized 
animal  they  rapidly  disintegrated.  He  discovered  further  that  if 
a  little  of  the  serum  of  an  immunized  animal  is  injected  into  the 
peritoneum  of  an  untreated  one,  destruction  of  bacteria  takes  place. 

Bordet,  in  1895,  reported  that  if  to  a  serum  from  an  immunized 
animal,  which  had  lost  through  age,  its  bactericidal  power,  fresh 
serum  from  an  untreated  animal  was  added,  the  serum  was  activated, 
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although  the  fresh  serum  by  itself  had  no  effect  These  observa- 
tions of  Pfeiffer  and  Bordet  indicated  clearly  that  two  types  of  sub- 
stances were  required  to  destroy  cells.  Both  of  these  were  present  in 
fresh  immune  serum,  one  of  which  was  stable  and  the  other  unstable. 
The  latter  was  proven  to  be  present  in  all  blood,  while  the  former 
existed  frequently  only  in  the  blood  of  the  immunized.  The  germi- 
cidal effect  of  any  sample  of  blood  serum  on  different  varieties  of 
bacteria  is  unequal.  Mixed  with  it  some  species  of  bacteria  die 
quickly,  and  some  lose  only  a  portion  of  their  number,  those  re- 
maining alive  after  a  time  rapidly  increasing.  The  number  of 
bacteria  introduced  is  of  great  importance,  for  the  serum  with  its 
contained  substances  is  capable  of  destroying  only  a  certain  number, 
and  after  that  it  has  lost  its  bactericidal  properties. 
Thus  the  following  test  was  carried  out: 

Approximate  number  alive  after  being  kept  at  37°  C. 


No.  of  bacteria 
in  1  C.C.  fluid. 
30.000 
100.000 
1.000,000 

Amount  of 

serum  added. 

0.1  C.C. 

0.1  C.C. 

0.1  C.C. 

One  hour. 
400 
5,000 
400,000 

Two  hours. 
2 
1,000 
2,000,000 

Twenty-seven  hours. 

200,000 
10,000,000 

The  circulating  blood  is  not  always  bactericidal  when  the  serum  is. 

Various  Theories  to  Explain  Immunity. — After  tiie  proof  given 
by  Pasteur  and  his  pupils  as  to  the  existence  of  acquired  immun- 
ity, attempts  to  explain  it  were  made.  Pasteur  formulated  his 
exhaustion  theory,  in  which  an  analogy  was  drawn  between  an 
infection  in  a  living  animal  and  the  exhaustion  of  food  in  a  cul- 
ture medium  by  the  growth  of  a  bacterium.  The  knowledge  that 
injections  of  toxins  or  bacterial  protoplasm  was  followed  by  the 
production  of  antibodies  disproved  his  theory  in  the  sense  he  under- 
stood it,  but  Ehrlich's  theory  of  the  necessity  of  suitable  cell  affini- 
ties (receptors)  to  allow  of  union  of  poison  to  cell  suggests  the  possi- 
bility that  natural  immunity  is  sometimes  due  to  the  lack  of  suitable 
receptors  or  sensitive  substances. 

Chauveau,  like  Pasteur,  starting  from  facts  observed  in  a  culture, 
considered  that  acquired  immunity  was  due  to  substances  retained 
in  the  body  after  recovery  from  an  infection  which  were  noxious  to 
bacteria.  Here,  again,  later  information  has  dianged  the  explana- 
tion, so  that  we  know  that  it  is  not  substances  left  by  bacteria,  but 
deleterious  substances  produced  by  the  body  cells  through  the  stimu- 
lus of  the  bacterial  products. 

During  these  earlier  years  Metchnikoff  perceived  that  the  infected 
host  was  too  little  considered,  and  he  drew  attention  to  the  role  of 
the  leukocytes.  His  original  theory  of  immunity  is  based  on  the 
observations  that  leukocytes  frequently  take  up  bacteria  injected  into 
the  blood  and  destroy  them  as  by  a  process  of  digestion.  He  noted 
that  in  inflammation  there  is  an  active  migration  of  leukocytes 
through  the  walls  of  the  vessels  toward  the  infecting  bacteria.  If 
the  bacteria  are  very  virulent  they  continue  to  increase,  destroying 
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the  leukocytes.  If  the  bacteria  are  not  sufficiently  virulent  to  set 
up  a  progressive  inflammation  they  are  themselves  disintegrated. 
If  the  bacteria  invade  the  blood  there  is  the  same  tendency  to  the 
development  of  an  increased  number  of  white  cells  in  the  circulating 
blood-     This  is  known  as  leukocytosis. 

At  the  time  that  this  theory  was  being  developed  Nuttall  showed 
that  bacteria  may  be  destroyed  in  cell-free  serum.  Budmer  made 
many  experiments  on  the  nature  of  the  process.  He  showed  that 
bacteria  absorbed  these  bactericidal  substances.  Pfeiffer  a  little 
later,  as  already  stated,  demonstrated  the  difference  between  the 
serum  of  immunized  and  non  immimized  animals.  Later,  Bordet, 
Ehrlich,  and  others  established  that  the  alexin  of  Buchner  was 
really  a  mixture  of  two  types  of  substances  of  which  one,  named 
"  immune  body,"  is  developed  as  the  result  of  the  injection  of  for- 
eign cell  substance  and  is  resistant  to  heat,  and  the  other,  named 
"  complement,"  is  present  in  the  blood  of  normal  animals,  is  not 
increased  by  injection,  and  is  unstable.  Neither  one  of  these  sub* 
stances  alone  destroys  bacteria,  while  together  they  do. 

During  the  investigations  on  the  bactericidal  power  of  the  blood 
the  discovery  of  the  antitoxins  was  made  by  Behring  and  Kitasato, 
and  the  nature  of  toxins  was  investigated  by  Roux,  Ehrlich,  and 
others.  The  facts  developed  by  these  studies  became  the  basis  for 
Ehrlidi's  side  chain  theory. 

Ehrlich 's  Theories  Upon  the  Nature  of  Antitoxin.— Ehrlich's 
researches  led  to  the  development  of  his  theories  on  immunity  which 
have  had  a  powerful  influence  upon  all  later  investigations  in  this 
field. 

Ehrlich  began  by  observing  that  of  the  many  poisonous  substances 
known  to  us  only  a  comparatively  small  number  existed  against 
which  we  could  txuly  immunize — i.  e.,  obtain  specific  antibodies  in 
the  blood  serum  of  the  immunized  organism.  Let  us  look  at  two 
poisons  which  are  very  similar  in  their  physiologic  action,  for  ex- 
ample, strychnine  and  tetanus  poison,  both  of  which  excite  spasms 
through  the  central  nervous  system.  It  is  really  curious  that  the 
injection  of  one,  strychnine,  produces  no  antibody  whatever  in  the 
serum,  while  tie  injection  of  the  other,  the  tetanus  poison,  causes 
the  formation  of  the  specific  tetanus  antitoxin.  Ehrlich  says  that 
this  is  because  these  substances  enter  into  entirely  different  relations 
with  the  cells  of  the  living  organism.  The  one  substance,  strychnine, 
merely  enters  into  a  loose  combination  with  the  cells  of  the  central 
nervous  system,  so  that  it  can  again  be  abstracted  from  these  cells 
by  aU  kinds  of  solvents — e.  g,,  by  shaking  with  ether  or  chloroform. 
The  combination,  therefore,  is  a  kind  of  solid  solution,  such  as  has 
been  shown  in  the  staining  with  aniline  dyes.  The  tetanus  poison, 
on  ihe  contrary,  Ehrlich  says,  is  firmly  bound  to  the  cell;  it  enters 
the  cell  itself,  becoming  a  chemical  part  of  the  same,  so  that  it  can- 
not again  be  abstracted  from  the  cell  by  solvent  agents.     He  com- 
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pares  this  process  to  the  assimilation  of  nutrient  substances.  Hence 
the  difference  between  these  two  substances  could  be  likened  to  that 
between  saccharin  and  sugar.  Both  substances  taste  sweet,  but, 
despite  this  similarity  in  one  of  their  physiological  actions,  they 
behave  very  differently  toward  the  cells  of  the  organism.  Saccharin 
simply  passes  through  the  organism  without  entering  into  a  firm 
combination — i,  e.,  without  being  assimilated — and  is  therefore  no 
food.  Its  sweetening  action  is  due  to  a  mere  contact. effect  on  the 
cells  sensitive  to  taste.  Sugar,  on  the  contrary,  is  actually  bound  by 
the  cells,  assimilated  and  burnt,  so  that  it  is  a  true  food.  Ehrlich 
says  that  the  first  requirement  for  every  substance  against  which  we 
can  obtain  a  specific  serum  must  be  its  power  to  enter  into  such  a 
combination  with  one  or  more  types  of  cells  in  the  living  animal. 
The  substance  must  possess  a  definite  chemical  aflinity  for  certain 
parts  of  the  organism.  Hence,  in  each  substance  against  which  we 
can  specifically  immunize,  Ehrlich  assumes  a  group  of  atoms  which 
effects  the  specific  binding  to  certain  cells,  the  haptophore  group 
(Fig.  68,  F).  Corresponding  to  this  is  a  group  in  the  cell  of  the 
living  organism  C,  the  receptor  group,  with  which  the  haptophore 
group  combines.  The  latter  is  entirely  distinct  from  that  part  of 
the  substance  which  exerts  the  physiologic  or  pathologic  effect,  in 
toxins,  for  example,  from  the  group  which  is  the  carrier  of  the  poi- 
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Graphic  representation  of  receptors  of  the  first  and  third  orders  and  of  complement 
as  conceived  by  Ehrlich:  A,  complement;  B,  intermediary  or  immune  body;  0»  cell 
receptor ;  D,  part  of  cell ;  E,  toxophorous  group  of  toxin ;  F,  haptophorous  group. 

sonous  action,  the  so-called  ioxophore  group  E,  or  in  ferments,  from 
the  group  which  exerts  the  ferment  action,  the  zymophore  group. 
Both  groups,  haptophore  and  functional,  are  independent  of  each 
other,  and  their  separate  presence  can  easily  be  demonstrated  because 
the  functional  group — e,  g,,  in  poisonous  toxins  the  toxophore  group 
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— is  more  readily  destroyed  by  heat  than  the  haptophore  group. 
Thus  by  heating  a  toxin  for  some  time  to  60"^  to  65°  C.  substances 
will  be  obtained  which  are  no  longer  poisonous,  but  which  still  pos- 
sess the  binding,  haptophore,  group.  In  the  case  of  toxins  such  sub- 
stances are  called  toxoids,  Ehrlidi  conceived  the  finer  mechanism 
of  the  formation  of  specific  substances  to  be  somewhat  as  follows: 
The  haptophore  group  is  bound  to  the  receptor  of  the  living  organism 
owing  to  a  specific  affinity.  As  a  result  of  this  the  receptor  is  lost 
to  the  living  organism,  disposed  of,  and  a  biological  law  formulated 
by  Weigert  now  comes  into  action,  the  law  of  supercompensation ; 
that  is,  tiie  organism  seeks  to  replace  this  defect,  but  in  doing  so,  not 
merely  replaces  the  receptors  in  question,  but,  according  to  Weigert, 
produces  more  of  them  than  were  previously  present  (Fig.  69). 
The  conditions  are  somewhat  like  those  seen  in  the  callus  after  a 
fracture,  in  which  the  organism  likewise  does  not  produce  just  the 
amount  of  bone  previously  present;  there  is  always  an  overpro- 
duction. 

Tn  this  way,  Ehrlich  states,  such  a  large  number  of  one  type  of 
receptors  are  produced  by  certain  cells,  that  these  become  excessive ; 
they  are  then  thrust  off  into  the  blood,  and  these  free  receptors  cir- 
culating in  the  blood  constitute  the  specific  antibodies.  Ehrlich 
therefore  believes  that  the  specific  antibodies  in  the  serum  are 
nothing  else  than  all  receptors  for  which  the  substance  employed  in 
immunization  possesses  specific  affinity.  Hence,  the  same  substance 
which,  so  long  as  it  remains  in  the  cell,  attracts  the  toxin  and  makes 
it  possible  for  that  to  exert  its  poisonous  action  on  it,  now  when  it 
circulates  free  in  the  blood  or  tissue  fluicis  acts  as  a  protection  by 
satisfying  the  affinity  of  the  poison's  haptophore  group  while  still 
in  the  blood,  and  thus  preventing  the  poison  molecule  from  reaching 
the  cell  itself. 

In  the  formation  of  the  specific  antibodies  we  must  therefore  dis- 
tinguish three  stages  (Fig.  69) : 

The  binding  of  the  haptophore  group  to  the  receptor  (2). 

The  increased  production  of  the  receptors  following  this  bind- 
ing (3). 

The  thrusting  off  of  these  increased  receptors  into  the  blood  (4). 

A  considerable  part  of  Ehrlich's  theories  upon  toxins  and  anti- 
toxins have  been  confirmed  experimentally;  for  example,  the  pres- 
ence of  the  separate  toxophore  and  haptophore  groups  and  the  exist- 
ence of  atom-groups  with  specific  binding  properties  in  all  substances 
with  which  we  can  immunize. 

Other  Explanations  of  the  Production  of  Antitoxins. — Gruber 
along  with  others  considers  that  the  antitoxins  are  not  normal  con- 
stituents of  the  cells  but  simply  secretions  of  the  cells  under  the 
stimulus  of  the  toxin  or  toxin  modified  by  passage  through  the  cell, 
and  the  cells  secreting  are  not  the  cells  sensitive  to  the  toxin,  but 
others^ — e.  g.,  the  blood-producing  organs.  Gruber  claims  that  the 
12 
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Graphic  representation  of  Bhrlich's  theory  of  the  production  of  antitoxin  and  tjie 
neutralization  of  toxin :  a,  diphtheria  toxin  molecule ;  m,  toxophore  atom  group ;  y, 
haptophore  or  combining  group;  h,  cell  receptors  with  affinity  for  diphtheria  toxin; 
c,  other  cell  receptors. 

1.  Cell  with  its  receptors.     Outside  of  cell,  free  toxin  molecules. 

2.  Toxin  molecules  combined  with  the  cell  receptors  having  affinity  for  diphtheria 
toxin. 

3.  After  three  days,  showing  multiplication  of  cell  receptors  similar  to  those  com- 
bined  with  toxin. 

4.  After  four  days,  excess  of  receptors  cast  off  In  the  blood. 

5.  Toxin  molecule  neutralized  by  combining  with  free  receptors  In  blood  of  immu- 
nized animal  or  in  animal  into  which  blood  with  free  receptors  had  been  transferred. 

power  to  poison  highly  immunized  animals  with  smaller  doses  of 
toxin  than  less  highly  immunized  is  against  Ehrlich's  ideas.  Ehr- 
lich  tries  to  explain  this  by  supposing  that  the  receptors  while  still 
in  the  cell  may  have  a  greater  affinity  for  the  toxin  than  after  being 
thrown  into  the  circulation.  This  objection,  however,  we  believe,  is 
founded  on  incorrect  observation.  We  have  always  found  that  the 
animal  which  contained  the  most  antitoxin  in  its  blood  showed  the 
greatest  immunity  to  toxin  injections.  Gruber  claims  that  the  la- 
tent period  in  toxin  poisoning  is  due  to  the  slow  absorption  of  the 
toxin  by  the  circulation,  and  does  not  need  the  elaborate  explanation 
of  the  toxophore  group  acting  through  the  haptophore.  It  was  also 
believed  that  antitoxin  is  toxin  modified  by  cell  passage.  The  sup- 
position is  rendered  improbable  but  not  impossible  by  the  fact  that 
the  antitoxin  developed  is  several  thousand  times  enough  to  neutral- 
ize the  toxin  injected. 

One  objection  against  the  Weigert-Ehrlich  hypothesis  of  overpro- 
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ductioh  of  antitoxin  by  the  specifically  attacked  cells  is  that  while 
the  animals  ai^  still  showing  tetanic  symptoms  the  receptors  of  the 
still  diseased  cells  are  supposed  to  have  been  reproduced,  as  shown 
by  antitoxin  production.  This  is  answered  by  Weigert  th^t  while 
the  more  important  cell  atom  groups  are  still  suffering,  the  groups 
producing  the  receptors  may  have  recovered.  This  supposition  is 
difficult  to  prove  or  disprove. 

The  idea  of  Weigert,  that  the  cells  are  biologically  altered  so  as 
to  continue  to  make  receptors  (antitoxin)  after  the  cessation  of  the 
injections,  and  that  they  increase  in  capacity  to  produce  antitoxin 
as  they  become  accustomed  to  forming  it  through  the  stimulus  of  re- 
peated injections,  is  not  in  accord  with  the  observations  made  by  us. 
The  first  point  is  disproved  since  there  is  uniformly  a  groat  drop  in 
antitoxin  ten  days  or  two  weeks  after  the  cessation  of  the  fresh  stimu- 
lus of  renewed  injections.  The  second  point  is  we  believe  rendered 
improbable  by  the  fact  that  by  partially  neutralizing  toxin  before 
injecting  it  into  animals,  we  have  found  it  possible  to  excite  the  cells 
to  produce  as  much  antitoxin  from  the  first  as  from  any  later  injec- 
tions. An  injection  into  a  previously  untreated  horse  of  one  litre 
of  strong  toxin  which  had  been  neutralized  just  sufficient  not  to 
poison  a  guinea-pig  was  followed  by  the  development  of  antitoxin 
during  the  following  seven  days  so  that  each  c.c.  of  serum  contained 
60  units  of  antitoxin. 

It  is  true  that  by  the  ordinary  methods  of  immunizing  the  first 
injections  of  toxin  produce  a  very  small  response  in  antitoxin  but 
this  is  because  it  is  possible  to  give  only  minute  amounts  of  toxin 
without  causing  the  death  of  the  animal.  Another  fact  which  is  hard 
to  explain  by  Ehrlich's  hypothesis  is  that  some  very  susceptible 
animals,  such  as  the  guinea-pigs,  have  almost  no  capacity  to  produce 
antitoxins. 

The  Nature  of  Bacteriolytic,  Haemolytic,  Cytolytic  Sera.— A  bac- 
teriolytic serum  is  one  that  is  capable  of  dissolving  and  so  destroying 
bacteria  brought  in  contact  with  it. 

A  hsemolytic  serum  is  one  which  alters  the  red  blood  cells  so  as 
to  cause  the  haemoglobin  to  pass  from  them. 

A  cytolytic  serum  has  a  destructive  influence  on  some  type  of  cell, 
which  may  be  animal  or  plant. 

The  first  important  fact  noted  which  suggested  that  these  sera 
produced  their  action  through  more  than  one  type  of  substance  was 
the  discovery  that  while  the  power  of  a  bactericidal  serum  to  kill 
bacteria  in  the  test-tube,  or  of  a  haemolytic  serum  to  affect  red  blood 
cells,  is  lost  by  heating  it  to  60°  C,  yet  injected  into  the  peritoneal 
cavity  or  blood  of  a  living  animal,  the  power  is  still  exerted.  The 
same  is  true  if  in  the  test-tubes  to  the  heated  serum  there  is  added 
some  fresh  normal  serum  which  is  itself  incapable  of  destroying  the 
cells.  From  these  observations  the  fact  became  gradually  apparent 
that  this  cytolytic  property  of  a  cell-free  serum  depended  upon  two 
components  known  as  immune  body  and  alexin  or  complement 
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Experiments  Devised  by  Ehrlich  to  Show  the  Nature  of  Csrtolytic  (Bac- 
teriolytic,  Hemolytic,   etc.)    Substances  in  the  Blood Ehrlidi   asked 

himself  two  questions:  (1)  What  relation  does  the  lisemolytic 
serum  or  its  two  active  components,  immune  body  and  com- 
plement, bear  to  the  cell  to  be  dissolved?  (2)  On  what  does 
the  specificity  of  this  hcemolytic  process  depend?  He  made  his  ex- 
periments with  a  hemolytic  serum  that  had  been  derived  from  a 
goat  treated  with  the  red  cells  of  a  sheep.  This  serum,  tlierefore, 
was  hemolytic  specifically  for  sheep  blood  cells — i.  e.,  it  possessed 
increased  solvent  properties  exclusively  for  sheep  blood  cells.  Bas- 
ing his  reasoning  on  the  side-chain  theory,  Ehrlich  argued  as  fol- 
lows :  "  If  the  hemolysin  is  able  to  exert  a  specific  solvent  action  on 
sheep  blood  cells,  then  either  of  its  two  factors,  the  immune  body  or 
the  alexin  (complement)  of  normal  serum,  must  possess  a  specific 
affinity  for  these  red  cells."  To  show  this  he  devised  the  following 
series  of  experiments: 

Experiment  1. — Ehrlich  and  Morgenroth  experimented  with  this 
serum  that  was  specifically  hsemolytic  for  sheep  blood  cells.  They 
made  it  inactive  by  heating  to  55°  C,  so  that  then  it  contained 
only  the  heat  resistant  substance  (immune  body).  Next  they 
added  a  sufficient  quantity  of  sheep  red  blood  cells,  and  after  a  time 
centrifuged  the  mixture.  They  were  now  able  to  show  that  the  red 
cells  had  combined  with  all  the  heat  resistant  substances,  and  that  the 
supernatant  clear  liquid  was  free  from  the  same.  In  order  to  prove 
that  such  was  the  case  they  proceeded  thus:  To  some  of  the  clear 
centrifuged  fluid  they  added  more  sheep  red  cells ;  and,  in  order  to 
reactivate  the  serum,  a  sufficient  amount  of  alexin  in  the  form  of 
normal  serum  was  also  added.  The  red  cells,  however,  did  not  dis- 
solve— there  was  no  sensitizing  substance.  The  next  point  to  prove 
was  that  immune  body  had  actually  combined  with  the  red  cells. 
The  red  cells  which  had  been  separated  by  the  centrifuge  were 
mixed  with  a  little  normal  salt  solution  after  freeing  them  as  much 
as  possible  from  fluid.  Then  a  little  alexin  in  the  form  of  normal 
serum  was  added.  After  remaining  thus  for  two  hours  at  37°  C. 
these  cells  had  all  dissolved. 

In  this  experiment,  therefore,  the  red  cells  had  combined  with  all 
the  sensitizing  substance^  entirely  freeing  the  serum  of  the  same. 
That  the  action  was  a  chemical  one,  and  not  a  mere  absorption,  was 
shown  by  the  fact  that  red  blood  cells  of  other  animals,  rabbits  or 
goats  for  example,  exerted  no  combining  power  at  all  when  used  in- 
stead of  the  sheep  cells  in  the  above  experiment.  The  union  of  these 
cells,  moreover,  is  such  a  firm  one  that  repeated  washing  of  the  cells 
with  normal  salt  solution  does  not  break  it  up. 

The  second  important  question  solved  by  these  authors  was  this: 
What  relation  does  the  alexin  bear  to  the  red  cells  ?  They  studied 
this  by  means  of  a  series  of  experiments  similar  to  the  preceding. 

Experiment  2. — Sheep  red  blood  cells  were  mixed  witii  normal — 
i.  e.j  not  ha^molytic  goat  serum.     After  a  time  the  mixture  was  cen- 
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trifuged  and  the  washed  red  cells  tested  with  the  addition  of  sensi- 
tizing substance  to  determine  the  presence  of  alexin.  It  was  found 
that  in  this  case  the  red  cells,  in  direct  contrast  to  their  behavior 
toward  the  sensitizing  substance  in  the  first  experiment,  did  not 
combine  with  even  the  smallest  portion  of  alexin,  and  remained  un- 
changed. This  experiment  showed  that  the  sensitizing  substance 
first  combined  with  the  cell  and  then  only  could  the  alexin  unite 
with  it. 

Experiment  3. — The  third  series  of  experiments  was  undertaken 
to  show  what  relations  existed  between  the  blood  cells  on  the  one 
hand  and  the  sensitizing  substance  and  the  alexin  on  the  other, 
when  both  were  present  at  the  same  time,  and  not,  as  in  the  other 
experiments,  when  they  were  present  separately.  This  investigation 
was  complicated  by  the  fact  that  the  specific  immune  serum  very 
rapidly  dissolves  the  red  cells  for  which  it  is  specific,  and  that  any 
prolonged  contact  between  the  cells  and  the  serum  at  ordinary  tem- 
peratures, in  order  to  effect  union,  is  out  of  the  question.  Ehr- 
lich  and  Morgienroth  found  that  at  0°  C.  no  solution  of  the  red  cells 
by  the  hemolytic  serum  takes  place.  They  therefore  mixed  some  of 
their  specific  hemolytic  serum  with  sheep  blood  cells,  and  kept  this 
mixture  at  0°  to  3°  C.  for  several  hours.  No  solution  took  place. 
They  now  centrifuged  and  tested  both  the  sedimented  red  cells  and 
the  clear  supernatant  serum.  It  was  found  that  at  the  temperature 
0^  to  3°  C.  the  red  cells  had  combined  with  all  of  the  sensitizing 
substance,  but  had  left  the  alexin  practically  untouched. 

It  still  remained  to  show  the  relation  of  these  two  substances  to 
the  red  cells  at  higher  temperatures.  At  37^  to  40°  C,  as  already 
mentioned,  haemolysis  occurs  rapidly,  beginning  usually  within  fif- 
teen minutes.  It  was  possible,  therefore,  to  leave  the  cells  and  serum 
in  contact  for  not  over  ten  minutes.  Then  the  mixture  was  centri- 
fuged as  before.  The  sedimented  blood  cells  mixed  with  normal  salt 
solution  showed  haemolysis  of  a  moderate  degree.  The  solution 
became  complete  when  a  little  normal  serum  was  added.  The  super- 
natant clear  fluid  separated  by  the  centrifuge  did  not  dissolve  sheep 
red  cells.  On  the  addition,  however,  of  the  sensitizing  substance 
it  dissolved  them  completely. 

The  addition  of  red  cells  in  the  experiments  was  always  in  the 
form  of  a  5  per  cent,  mixture  or  suspension  in  0.85  per  cent — i.  e,, 
isotonic,  salt  solution. 

The  significance  of  the  last  of  the  above-cited  experiments  is,  ac- 
cording to  Ehrlich,  at  once  apparent.  It  is  that  the  sensitizing 
substance  possesses  one  combining  group  with  an  intense  affinity 
(active  even  at  0°  C.)  for  the  red  cell,  and  a  second  group  possess- 
ing a  weaker  affinity  (one  requiring  a  higher  temperature)  for  the 
alexin. 

Names  Attached  to  Substances  Producing  Bacteriolsrsis. — ^Dif- 
ferent investigators  have  applied  to  them  different  names.  The 
one  which  is  resistant  to  heat,  whidi  attaches  itself  directly  to  bac- 
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teria,  even  at  low  temperatures,  and  is  increased  during  immuni- 
zation, is  called  sensitizing  substance,  interbody,  amboceptor,  or  im- 
mune body.  The  other,  which  is  sensitive  to  heat,  which  is  present 
in  the  healthy  normal  serum,  is  not  increased  during  immunization, 
and  which  unites  with  the  bacterial  protoplasm  only  at  temperatures 
considerably  above  the  freezing  point,  is  called  alexin,  or  complement. 

The  immune  body  attaches  itself  to 
^^^'  '^^  the  bacterial   substance,  but   does  not 

^k^     Wi/  appreciably  harm  the  cells.     The  com- 

^H      fll^  plement  destroys  the  cells  after  the  im- 

^P      ^HF  mune  body  has  made  the  cell  vulnerable. 

r\A       i     v.-.K  According   to   Ehrlich   the    immune 

body  first  unites  with  the  protoplasm  of 
the  cell  and  this  develops  in  the  immune 
body  an  affinity  for  the  complement  and 
the  two  unite.  (See  Fig.  70.)  He  be- 
lieves that  it  is  through  the  immune 
body  that  the  complement  exerts  its 
action  on  the  cell. 

Others  believe  that  the  immune  body 
and  complement  do  not  directly  unite. 
It  appears  as  if  the  immune  body  in- 
jured the  cell  membrane  and  so  allowed 
the  complement  to  penetrate  the  cell 
substance  or  that,  as  the  French  put  it, 
changes  its  nature  so  it  can  combine 
with  its  complement  Muir  has  shown 
that  when  cells  are  saturated  with  both  immime  body  and  comple- 
ment, the  addition  of  fresh  cells  causes  a  splitting  off  of  im- 
mune body  but  not  of  complement  This  throws  further  doubt  upon 
the  direct  union  of  immune  body  and  complement  Most  of  the 
experiments  which  have  been  made  with  the  purpose  of  clearing 
up  these  difficult  problems  have  been  made  upon  red  blood  cells. 
Here  the  absorption  of  the  immune  bodies  at  low  temperatures  and 
the  lack  of  noticeable  injury  until  the  complement  is  added,  at  a 
temperature  of  20  "^  to  30°  C.,  is  very  striking. 

Multiplicity  of  Immune  Bodies  and  Complements. — The  immune 
bodies  are  very  numerous  and  fairly  specific  in  their  action.  The 
complement  substance  is  mudi  less  specific  and,  although  probably 
multiple,  each  variety  acts  upon  widely  different  bacteria  after  they 
have  united  with  the  immune  body.  There  is  little  reason  to  think 
that  the  complement  of  one  animal  is  any  more  capable  of  attadcing 
bacteria  prepared  by  immune  bodies  developed  in  its  blood  than  by 
immune  bodies  developed  in  some  other  species. 

The  building  of  immune  bodies  in  the  infected  animals  is  believed 
by  most  to  take  place  the  more  rapidly  the  more  virulent  the  infect- 
ing organisms.     In   our   experiments   this   has   not  been   evident. 


Graphic  representation  of  am- 
boceptor or  receptors  of  the  third 
order  and  of  complement,  showing 
on  left  the  immune  body  uniting 
complement  to  foreign  cell  and 
on  right  the  action  of  antlcom- 
plement,  binding  complement : 
A,  complement ;  B,  Intermediary 
body ;  O,  receptor ;  D,  cell ;  E, 
anticomplement. 
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Increase  of  virulence  for  one  species  of  animal  does  not  mean  in- 
crease for  all  animals ;  so  that  the  animal  upon  which  the  virulence 
is  tested  must  be  the  same  variety  as  the  one  being  immunized  to 
draw  conclusions. 

Antigens  or  Haptines. — These  names  are  ipven  to  the  ^eat  num- 
ber of  cellular  substances  and  products  which  are  capable  of  pro- 
ducing antibodies. 

Origin  of  Bactericidal  Substances. — ^Ehrlich  and  his  followers 
consider  the  immune  bodies  to  be  built  up  in  the  same  way  as  the 
antitoxins.  They  are  free  cell  atom-groups,  which  are  similar  to 
those  in  the  cell  which  combined  with  the  bacterial  substance  and 
which  were  later  over-produced  as  the  cell  attempted  to  replace  what 
had  been  destroyed  or  bound  up. 

Their  source  must  apparently  be  attributed  to  the  cells,  but  prob- 
ably only  certain  cells  produce  them.  The  red  blood  cells,  for  in- 
stance, seem  rather  to  destroy  than  to  increase  them.  The  nuclein 
derived  from  the  cells,  although  it  has  a  general  bactericidal  action, 
and  may  enter  into  the  complements  (alexins),  has  different  proper- 
ties, and  so  cannot  itself  be  one  of  these  bodies.  The  cells  which 
have  abundant  nuclear  substance,  such  as  the  leukocytes  and  lymph 
cells,  seem  especially  to  be  a  source,  and  Metchnikoff  asserts  their 
preeminent  role  as  the  producers  of  both  complements  and  immune 
bodies.  Buchner  and  others  have  found  that  through  the  irritation 
of  bacterial  filtrates  the  leukocytes  were  attracted  in  great  numbers 
to  the  region  of  injection,  and  that  the  fluid  here,  which  was  rich  in 
leukocytes,  was  more  bactericidal  than  that  of  the  blood  serum  else- 
where. Some  claim  to  have  demonstrated  that  along  with  increased  * 
leukocytosis  there  is  a  general  increase  in  the  complement  in  the 
blood ;  still,  it  has  not  yet  been  positively  established  that  the  com- 
plement is  derived  solely  from  the  leukocytes,  nor  from  all  leuko- 
cytes, and  a  mere  increase  in  them  does  not  always  mean  an  increase 
in  the  complement  Immune  bodies  appear  to  be  more  abundant  in 
the  spleen  and  the  hsemopoietic  organs. 

Deflection  of  the  Complement. — It  frequently  happens  that  when 
the  addition  of  a  small  amount  of  immune  serum  renders  a  normal 
serum  more  bactericidal,  or  an  animal  immune,  a  greater  addition 
robs  it  of  most,  and  sometimes,  all  of  its  bactericidal  power.  This 
is  explained  by  Neisser  and  Wechsberg  to  be  due  to  a  locking  up  of 
complement  by  excess  of  inunune  body.  In  Fig.  70  if  we  substi- 
tute an  additional  immune  body  molecule  (B)  for  the  anticomple- 
ment  (E)  it  would  theoretically  lock  up  the  complement  (A)  and 
prevent  its  union  with  the  immune  body  which  had  attadied  itself 
to  the  cell.  This  is  no  evidence  that  amounts  of  serum  even  as  large 
as  100  cc.  in  an  adult  have  produced  deflection  of  complement  The 
substance  is  in  need  of  further  study. 

Mnltipartial  or  Polyvalent  Sera. — ^According  to  Ehrlich's  theory, 
every  immunizing  group  in  a  substance  corresponds  to  a  counter- 
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group  of  the  fitting  receptors  in  the  organism.  Bacteria  are  not 
homogeneous  masses,  but  are  made  up  of  various  molecules  which 
differ  biologically  from  one  another.  Conforming  to  this,  the  anti- 
subetances,  immune  bodies  (antitoxins,  agglutinins,  etc.),  which 
appear  in  a  serum  are  made  up  of  the  sum  of  the  antibodies  which 
correspond  to  these  partial  elements  in  the  bacterial  body.  These 
separate  groups  are  called  "  partial  groups."  An  immune  serum, 
therefore,  consists  of  the  partial  groups  which  correspond  to  the 
separate  partial  elements  of  the  bacterial  body.  We  are  further  able 
to  show  that  these  partial  elements  in  one  and  the  same  bacterial 
species  are  not  the  same  for  all  the  bacteria  of  that  species.  Thus 
one  culture  of  streptococci  or  of  Bacilliis  coli  may  have  a  few  par- 
tial elements  which  differ  from  those  of  another  culture.  What  is 
the  consequence  of  this?  The  consequence  will  be  that  when  we 
inmiunize  with  a  culture  a  of  sudi  bacteria  we  shall  obtain  a  serum 
which  acts  completely  on  this  culture,  for  in  this  serum  all  the  par- 
tial elements  present  in  culture  a  are  represented.  If,  however,  we 
employ  culture  &,  c,  or  d,  which  perhaps  possesvses  other  partial  ele- 
ments, we  shall  find  that  the  serum  does  not  completely  affect  these 
cultures.  As  already  stated,  such  a  condition  of  tilings  is  met  with 
in  inflammations  due  to  streptococci  and  other  bacteria,  and  is, 
therefore,  of  considerable  practical  importance.  It  is  because  of  this 
fact  that  a  serum  acts  best  only  in  a  certain  percentage  of  cases.  In 
order  to  overcome  this  difficulty  in  persons  infected  with  these  bac- 
terial species  we  have  no  choice  but  to  make  sera,  not  by  means  of 
one  culture,  but  by  means  of  a  number  of  different  strains  of  the 
same  species.  The  result  of  this  will  be  that,  corresponding  to  the 
various  partial  elements  in  these  different  cultures,  we  shall  obtain 
a  serum  containing  a  large  number  of  the  partial  groups.  Such  a 
serum  will  then  exert  a  specific  action  on  a  large  number  of  differ- 
ent cultures,  but  not  quite  as  great  an  influence  on  any  one  as  if  only 
that  variety  had  been  injected. 

In  other  words,  the  development  and  the  closer  analysis  of  the 
problem  of  imraimity,  especially  during  the  past  few  y^ars,  have 
shown  us  that  we  must  make  use,  more  than  heretofore,  of  so-called 
polyvalent  or  multipartial  sera.  In  the  serum  therapy  of  strepto- 
coccus infections,  of  dysentery,  etc.,  the  production  of  such  multi- 
partial  sera  is  an  advantage  in  practice.  Owing  to  these  partial 
groups  also,  a  serimi — e.  g.,  anti-typhoid  serum — can  specifically 
affect  a  closely  allied  species  of  bacterium,  like  Bacillus  coli,  for 
example.  For  it  is  known  that  closely  related  species  of  bacteria, 
such  as  typhoid  and  colon  bacilli,  possess  certain  partial  groups  in 
common,  and  a  serum  is  thus  produced  which  to  a  certain  extent  acts 
on  both  species.  This  constitutes  what  is  known  as  the  "group 
reaction." 

Aggressins. — A  further  contribution  has  recently  been  made  to 
the  problems  of  virulence  and  immunity  in  the  form  of  the  "  aggres- 


THE   PBOTECTIVE   DEFENCES    OF    THE   BODY,  169 

sin  theory  "  of  Bail.^  Apparently  it  grew  out  of  an  attempt  to 
explain  the  so-called  "  phenomenon  of  Koch  " — an  observation  made 
years  ago  by  Koch — to  the  effect  that  tuberculous  animals  when  in- 
oculated intraperitoneally  with  a  fresh  culture  of  tubercle  bacilli 
succumb  quickly  to  an  acute  attack  of  the  disease,  the  resulting  exu- 
date containing  almost  exclusively  lymphocytes.  Bail  found  that 
if  tubercle  bacilli,  together  with  sterilized  tuberculous  exudate,  were 
injected  into  healthy  guinea-pigs,  the  animal  died  very  suddenly — 
t.  e.,  in  twenty-four  hours  or  thereabouts.  The  exudate  alone  had 
no  appreciable  eifect  on  the  animal  while  inoculation  with  tubercle 
bacilli  alone  produced  death  in  a  number  of  weeks.  He  therefore 
concludes  that  there  is  something  in  the  exudate  that  allows  the 
bacilli  to  become  more  aggressive,  and  hence  has  called  this  hypo- 
thetical substance  "  aggressin."  He  thinks  it  is  an  endotoxin  liber- 
ated from  the  bacteria  as  a  result  of  bacteriolysis  and  that  it  acts  by 
paralyzing  the  polynuclear  leukocyte,  thereby  preventing  phagocyto- 
sis. Heating  the  exudate  to  60°  C.  increases  its  aggressive  proper- 
ties rather  than  diminishes  them  and  small  doses  act  relatively  more 
strongly  than  larger  ones.  These  facts  he  explains  by  assuming  the 
pres(*nce  of  two  properties,  one  that  prevents  rapid  death,  is  thermola- 
bile  and  acts  feebly  in  small  doses,  and  one  that  favors  rapid  death 
and  is  thermostabile.  He  assumes  that  in  a  tuberculous  animal  the 
tissues  are  saturated  with  the  aggressin  and  when  fluid  collects  in  the 
body  cavities,  as  it  does  on  injection  of  tubercle  bacilli,  it  contains 
lai^  quantities  of  aggressin,  which  prevents  migration  of  the  poly- 
nuclear leukocytes,  but  not  of  the  lymphocytes,  and  hence  allows  the 
bacilli  to  develop  freely,  producing  acute  symptoms.  In  the  peri- 
toneal cavity  of  the  normal  animal  injected  with  tubercle  bacilli,  on 
the  other  hand,  are  large  numbers  of  polynuclear  leukocytes  which 
engulf  the  bacilli,  thus  inhibiting  their  rapid  development,  there 
being  here  no  aggressin  to  prevent  phagocytosis. 

This  theory  has  been  applied  to  a  number  of  infections,  includ- 
ing typhoid,  cholera,  dysentery,  chicken  cholera,  pneumonia,  and 
staphylococcus  infections.  In  all  similar  results  have  been  obtained 
as  with  tubercle  bacilli.  When  exudates,  produced  by  virulent  cul- 
tures of  these  various  organisms  and  properly  sterilized,  are  injected 
with  fresh  cultures  into  an  animal  death  occurs  in  much  shorter  time 
than  when  the  organisms  alone  are  injected. 

Moreover,  it  has  been  possible  to  immunize  animals  against  these 
various  infections  by  repeated  injections  of  the  aggressin  in  the  form 
of  exudates.  This  results  in  the  formation  of  an  "  antiaggressin," 
which  opposes  the  action  of  the  aggressin,  thereby  enabling  the  leuko- 
cytes to  take  up  the  bacteria  and  thus  to  protect  the  animal.  This 
has  been  done  in  staphylococcus,  dysentery,  typhoid,  cholera,  pneu- 
mococcus,  and  chicken  cholera  infections  in  animals.     In  addition  a 

» Wiener  klin.  Woch.,  1905,  No.  9.  Ibid.,  1905,  Nos.  14,  16,  17.  Berliner  klin. 
Woch.,  1905,  No.  15.  Zeit.  f.  Hyg.,  1905,  vol.  i.,  No.  3.  Arch.  f.  Hyg.,  vol.  Hi., 
pp.  272  and  411. 
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very  marked  agglutinative  property  of  the  blood  is  acquired  for  the 
bacteria  in  the  animals  so  immunized. 

The  Bordet-Gengou  Phenomenon. — ^Bordet  sensitized  blood  corpuscles 
with  appropriate  amboceptors,  and  then  exposed  them  to  the  action  of  a 
freshly  drawn  normal  serum.  If  now  he  waited  for  the  occurrence  of  hemo- 
lysis and  then  added  sensitized  cells  (bacteria  or  blood  corpuscles  of  a  differ- 
ent species),  the  latter  remained  entirely  unchanged,  although  the  serum  that 
had  been  used  as  complement  was  capable  in  its  original  condition  of  destroy- 
ing these  also.  When  fresh  serum  was  first  brought  into  contact  with  sensi- 
tized bacteria,  similar  results  were  obtained.  The  blood  corpuscles  subse- 
quently added  did  not  then  undergo  haemolysis.  If  such  an  cuition  on  one 
of  the  sensitive  substrata  has  once  taken  place,  the  active  sera,  as  a  rule,  are 
deprived  of  all  their  complement  functions,  from  which  Bordet  concludes  that 
the  destruction  of  the  most  varied  elements  by  one  and  the  same  serum  must 
be  due  to  a  single  complement. 

It  may  be  said  in  passing  that  Ehrlich  admits  the  correctness  of  the  above 
experimental  results,  but  brings  forward  additional  arguments  showing  that 
Bordet's  interpretation  as  to  the  existence  of  only  a  single  complement  can- 
not be  accepted. 

This  experiment  of  Bordet  is  usually  spoken  of  as  the  "Bordet-Gengou 
phenomenon  "  and  is  now  used  largely  in  determining  whether  or  not  a  given 
serum  possesses  certain  amboceptors.  The  serum  to  be  tested  is  first  heated 
and  then  mixed  with  a  small  quantity  of  fresh  normal  serum  (complement) 
and  with  an  emulsion  of  the  bacterium  whose  amboceptors  it  is  desired  to 
discover.  After  standing  for  six  hours  at  room  temperature,  red  blood  cells 
previously  treated  with  heated  hsBmolytic  serum  are  added.  If  there  is  no 
haemolysis  it  is  held  to  mean  that  the  complement  in  the  fresh  serum  which 
was  suitable  for  lysis  of  properly  prepared  blood  corpuscles,  has  been  ab- 
sorbed by  the  bacteria  by  reason  of  the  presence  of  specific  amboceptors  in 
the  serum  tested. 

Wassermann*  believes  he  has  successfully  apphed  this  method  in  measuring 
the  amboceptor  content  of  sera  and  has  applied  it  m  the  diagnosis  of  syphilis. 
Others  have  not  had  as  good  results. 

^  Wassermann,  Neisser  and  Bruck,  Deutsche  med.  Wochenschr.,  1906;  Wasser- 
mann  and  Plant,  Ibid. 


CHAPTEK   XVL 

THE  NATURE  OF  THE  SUBSTANCES  CONCERNED  IN 
AGGLUTINATION. 

The  discovery  of  agglutinins  in  the  serum  of  those  passing  through 
many  infections  was  made  by  Gniber  and  Durham  in  1896.  Sev- 
eral months  later  Widal  reported  that  in  typhoid  fever  the  develop- 
ment of  agglutinins  could  be  used  for  diagnostic  purposes.  Later 
it  was  demonstrated  that  through  agglutinins  a  new  means  was  avail- 
able for  the  identification  of  bacteria. 
See  pages  71-73  for  a  description  of  ^^^'  ^^ 

the  phenomenon  of  agglutination  and 
the  technique  of  investigation. 

As  to  the  nature  of  these  phenomena 
a  number  of  theories  have  been  ad- 
vanced. As  in  the  case  of  the  immune 
body  there  is  positive  proof  that  the 
agglutinin  combines  directly  with  sub- 
stances in  the  bacterial  body.  The 
agglutinin  consists  of  a  haptophore  or     ^rf  p'X?^  t  a '  &e  ?:p^ 

combining    atom    grroup    and    of    a    fer-  ^ents  the  haptophore  group,  and 

®  _,    ^_       ^  ,         ,  d    the    zymophore    group    of    the 

ment  fi^roup.       ihe  latter  causes  the  phe-  receptor,  f  being  the  food  mole- 

^        ^   £  1j.*x*  ai  cule    with    which    this    receptor 

nomenon      OI      agglutination.         AgglU-  combines.       such     receptors     are 

tinin  does  not  dialyze  through  animal  ?i^t1S!**  it  fs^^to  *S*°not^^  Ktt 
membranes.  In  diluted  solution  agglu-  J^|ra17a'i^'rthrre?ep?or  ^■ 
tinin    slowly    deteriorates.      Dried    it 

lasts  longer.  It  is  precipitated  with  the  globulins  by  ammonium 
sulphate.  When  a  solution  containing  agglutinin  is  passed  through 
a  stone  filter  the  first  few  cubic  centimeters  contain  no  agglutinin. 
The  next  contain  a  moderate  amount  and  the  remainder  the  same 
as  the  solution. 

In  some  types  of  infection  there  is  a  great  accumulation  of  ag- 
glutinins in  the  blood.  Thus  in  typhoid  patients  and  convalescents 
distinct  agglutination  has  been  observed  in  dilutions  of  1 :  5000,  and 
this  action  persisted  for  months,  though  not,  of  course,  in  the  same 
degree.  Even  normal  blood  serum,  when  undiluted,  often  produces 
agglutination.  But  the  specific  agglutinins,  which  are  formed  only 
in  consequence  of  an  infection,  are  characterized  by  this,  that  they 
produce  a^lutination  even  when  the  serum  is  highly  diluted,  and, 
furthermore,  that  after  this  dilution  the  action  is  specific — i.  e.,  the 
dilution  of  cholera  immune  serum  agglutinates  only  cholera  bacilli, 
typhoid  immune  serum  only  typhoid  bacilli,  etc.  This  specificity, 
however,  as  will  be  shown  later,  is  not  always  absolute. 
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The  agglutinating  substances  when  mixed  with  bacteria  are  bound 
to  their  agglutinable  substances,  the  two  bodies  effecting  a  loose  com- 
bination very  like  toxin  and  antitoxin.  By  chemical  means  it  is 
possible  again  to  separate  to  some  extent  the  agglutinin  from  the 
bacteria  and  use  it  to  agglutinate  bacteria  anew. 

It  was  formerly  assumed  that  agglutination  was  a  prerequisite  for 
bacteriolysis.  This,  however,  is  not  so,  for  both  in  cholera  and  in 
typhoid  immunity  bacteriolytic  substances  have  been  observed  with- 
out agglutinins,  and  agglutinating  substances  without  bacteriolysins. 

Of  the  three  antibodies  mentioned,  serum  therapy  has  thus  far 
made  use  of  the  antitoxins;  whereas,  in  serum  diagnosis  the  bacte- 
riolysins and  above  all  the  agglutinins  are  used.  Serum  diagnosis 
by  means  of  these  two  substances  was  possible  only  because  they  had 
proven  themselves  in  general  a^  specific. 

Characteristics  of  Agglutinins. — ^As  considered  by  Ehrlich's 
school,  the  agglutinin  consists  of  a  stable-combining  group  and  an 
unstable-precipitating  group.  The  agglutinable  molecule  is  also 
believed  to  consist  of  two  groups,  one  stable  that  combines  with  the 
agglutinins  and  one  labile  that  gives  the  completed  reaction.  Ag- 
glutinins changed  by  heat,  acids,  and  other  influences  become  agglu- 
tinoids,  which  are  comparable  to  toxoids,  complementoids,  etc. 

The  union  of  agglutinin  with  receptors  in  bacteria  is  a  chemical 
or  physical  reaction,  and  is  quantitative.  Before  agglutination  oc- 
curs sodium  chloride  or  a  similarly  acting  compound  must  be  pres- 
ent. The  amount  of  bacteria  in  the  emulsion  used  to  test  the  amount 
of  agglutinin  must,  therefore,  be  known.  An  emulsion  one  hundred 
times  as  dense  as  another  would  require  one  hundred  times  as  much 
agglutinin  to  give  an  equally  complete  reaction.  Agglutinin  acts 
upon  dead  bacteria. 

Heat  diminishes  the  agglutinability  of  bacteria  when  above  60°  C. 
Drever  found  that  if  a  twenty-four-hour  bouillon  culture  of  Bacillus 
coli  required  1  part  of  agglutinin  to  agglutinate  it,  then  if  heated  to 
60°  C.  it  required  2.3  parts;  if  to  80°  C,  18  parts;  if  to  100°  C, 
24.6  parts.  He  found  the  surprising  fact  that  long  heating  of  the 
culture  restored  to  some  extent  its  ability  to  be  agglutinated  by 
smaller  amounts  of  agglutinins. 

Heated  thirteen  hours  to  100°  C,  the  culture  was  agglutinated  by 
4  parts.  Dreyer's  explanation  of  this  result  is  that  agglutinin-fixing 
substance  is  dissolved  out  by  the  prolonged  heating. 

Heating  the  serum  above  60°  C.  injures  the  agglutinin  slightly, 
above  70°  C.  greatly^  and  above  75°  C.  destroys  it  Weak  and  strong 
acids  agglutinate  bacteria  while  medium  acidity  does  not  Alkalies 
inhibit  agglutination.  Agglutinin  which  has  lost  its  power  to  agglu- 
tinate through  the  effect  of  heating  to  65°  C.  or  through  the  action 
of  acids  usually  retains  its  combining  affinity  for  the  bacterial  proto- 
plasm. The  haptophore  group  is  still  intact,  but  the  ferment  group 
has  been  destroyed.  These  changed  agglutinins  are  called  agglu- 
tinoids. 
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The  nature  of  agglutinoids  and  the  means  by  which  they  inhibit 
agglutination  is  at  present  little  understood.  It  is  important  to 
remember  that  in  concentrated  serum  agglutination  may  fail  because 
of  their  action,  while  in  higher  dilutions  of  the  serum  agglutination 
may  take  place  readily. 

The  growth  of  bacteria  in  fresh  blood  containing  agglutinins  in- 
hibits the  development  of  agglutinable  substance  in  bacteria  or  causes 
tliem  to  produce  substances  which  prevent  the  union  of  agglutinin 
with  them.  Bacteria  should  not  be  grown  on  such  media  when  they 
are  to  be  used  in  agglutination  tests.  Even  ascitic  fluid  broth  has 
some  effect 

Chrotip  Agglutination. — Many  varieties  of  bacteria  have  among  the 
different  substances  composing  their  bodies  some  that  are  common 
to  other  bacteria  which  are  more  or  less  allied  to  them.  These 
substances  all  exciting  agglutinins  we  have  such  a  serum  acting  on  a 
number  of  varieties.  These  agglutinins  are  called,  therefore,  group 
agglutinins.  If  a  typhoid  or  paratyphoid  serum  possess  a  high  de- 
gree of  activity — L  e.,  ability  to  agglutinate  even  in  large  dilution — 
it  may  happen  that  with  lesser  dilution  it  may  also  agglutinate  the 
two  related  bacilli.  Thus,  in  two  cases  the  infecting  paratyphoid 
bacilli  type  B  were  agglutinated  1 :  5700 ;  typhoid  bacilli,  however, 
only  1:120,  while  paratyphoid  bacilli  type  A  were  only  1:10  ag- 
glutinated. In  two  cases  of  typhoid  fever  an  agglutination  of  para- 
typhoid type  B  occurred  with  a  dilution  1 :  40,  while  typhoid  bacilli 
were  agglutinated  with  1 :  300.  Korte  has  frequently  observed  that 
tyjJioid  sera  agglutinate  not  only  typhoid  bacilli,  but  also  one  or  both 
varieties  of  paratyphoid,  even  when  a  simultaneous  infection  with 
paratyphoid  was  excluded.  This  agglutination  for  the  other  bacilli 
was  in  some  cases  quite  marked,  though  there  was  no  uniformity 
whatever.  Since  he  found  that,  conversely,  in  a  paratyphoid  infec- 
tion the  senim  possesses  a  fairly  strong  agglutinating  action  on  ty- 
phoid bacilli,  Korte  advises  that  in  every  case  of  typhoid  all  three 
bacteria  be  tested  for  agglutination,  so  that,  according  to  the 
strongest  agglutinating  action,  one  can  decide  which  infection  is 
present  If  in  practice  it  is  immaterial  whether  this  point  be  de- 
cided, the  agglutination  with  paratyphoid  need  only  be  undertaken 
when  the  typhoid  agglutination  is  absent. 

As  a  rule,  but  not  always,  the  agglutination  with  the  infecting 
agent  is  by  far  the  strongest — i.  e.,  it  proceeds  even  in  high  dilutions 
— whereas  other  bacteria  require  a  stronger  concentration.  The 
bacteria  which  are  agglutinated  by  one  and  the  same  serum  need 
not  at  all  be  related  in  their  morphological  or  other  biological 
characteristics,  as  at  first  assumed.  Conversely,  micro-organisms 
which,  because  of  the  characteristics  mentioned,  are  regarded 
as  entirely  identical  or  almost  so,  are  sharply  differentiated  by 
means  of  their  a^lutination.  In  other  words,  the  "  groups  "  ar- 
rived at  by  means  of  a  common  agglutination  have  no  necessary 
relation  to  species  as  the  term  is  usually  employed  but  only  of  chem- 
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ical  similarity.  This  is  indicated  by  the  diagrams  in  Fig.  72.  The 
letters  indicate  chemical  substances  capable  of  stimulating  the  pro- 
duction of  agglutinin  and  of  combining  with  it  when  made.     Thus 


Dysentery  BaclUus 
Specific  and  common  agglutlnums. 

both  the  typhoid  and  colon  will  stimulate  and  react  to  B.  agglutinins. 
Because  of  this  lack  of  absolute  specificity  the  serum  diagnosis  of 
infection  or  identificcUion  of  bacteria  has  value  only  when  careluUy 
tested. 

The  Development  of  Agglutinin. — Experimental  or  natural  infection 
of  animals  and  men  is  followed  in  seven  to  ten  days  by  a  develop- 
ment of  agglutinin.  This  development  is  much  greater  for  some  bac- 
teria than  for  others. 

The  Relative  Development  of  Specific  a.nd  Oroup  Agglutinins. — 
The  study  of  a  large  number  of  series  of  agglutination  tests  obtained 
from  young  goats  and  rabbits  injected  chiefly  with  typhoid,  dysen- 
tery, paradysentery,  paracolon,  colon,  and  hog-cholera  cultures  has 
shown  that  there  is  considerable  uniformity  in  the  development  of 
the  specific  and  group  agglutinins.  The  specific  agglutinins  develop 
in  larger  amount  in  the  beginning,  being  in  the  second  week  usually 
from  five  to  one  hundred  times  as  abundant  as  the  group  a^lutinins. 
Later  the  total  amount  of  the  group  agglutinins  tends  to  approach 
more  nearly  to  that  of  the  specific,  and  reach  as  high  as  50  per  cent. 
In  a  number  of  tests  carried  out  by  us  we  found  that  many  group 
agglutinins  supplement  specific  ones  in  their  action,  causing  by  their 
addition  an  increased  agglutinating  strength.  In  our  experience  the 
variety  of  microorganism  used  for  in6culation  is,  if  equally  sensitive, 
agglutinated  by  the  combined  specific  and  group  agglutinins  produced 
through  its  stimulus  in  a  higher  dilution  than  any  microorganism 
affected  merely  by  the  group  agglutinins.  It  is  true  that  bacteria 
not  injected  were  at  times  agglutinated  in  higher  dilutions  than  the 
variety  injected;  this,  if  not  due  to  greater  sensitiveness,  was  on 
account  of  normal  group  agglutinins  present  in  the  animal  before 
immunization.  In  horses  and  adult  goats  it  was  found  that  before 
injections  were  commenced  there  was  often  a  great  accumulation  of 
agglutinins  for  bacteria  and  especially  for  members  of  the  dysentery, 
paradysentery,  and  colon  groups,  so  that  the  estimation  of  the  devel- 
opment of  specific  agglutinins  was  a  matter  of  great  difficulty  except 
through  careful  absorption  experiments.     For  this  reason  untreated 
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horse  serum  is  a  very  dangerous  substance  to  use  in  differentiating 
the  intestinal  bacteria.  This  is  clearly  brought  out  in  the  record 
given  of  the  tests  made  of  two  horses.  The  great  height  to  which 
the  group  agglutinins  may  rise  is  seen  in  the  following  table : 

Tablb  I.* 

Agglutinin  in  the  Serum  of  a  Horse  Injected  with  Paradysentery  BaoiUus, 
Type,  Manila  Culture, 
Culture.  After  18  injections.  After  21  injections. 

IrSOOO    1-.5000    1:10,000       1:3000    1:5000    1:10.000 

Paradysentery  type  Manila ++         —        —  ++       +4-        ++ 

Colon  B.  X. +-f       ++        —  ++       ++         +  + 

The  great  amount  of  agglutinins  acting  upon  the  colon  bacillus  X. 
is  remarkable.  A  serum  is  here  seen  to  be  acting  in  dilutions  as  high 
as  1 :  10,000  upon  a  culture  possessing  very  different  characteristics 
from  the  one  used  in  the  injections. 

Although  a  considerable  proportion  of  the  group  agglutinins  act- 
ing on  colon  bacillus  X.  was  undoubtedly  due  to  the  stimulus  of  the 
injections  of  the  Flexner  paradysentery  culture,  still  a  portion  of 
them  was  probably  due  to  other  causes.  In  Table  II.  is  seen  the 
marked  accumulation  of  agglutinins  which  may  occur  in  a  horse 
before  injections  are  begun  and  the  results  of  injection  of  nutrient 
bouillon  which  had  been  prepared  from  meat  in  the  usual  way. 

Table  II. 

A  young  horse  before  The  same  one  week  after 

inoculation.  being  injected   with  one 

litre  of  bouillon. 


Culture.  1:100  1:500  1:1000  1:5000  1:100  1:500  1:1000  1:5000 

Dysentery  B.,  Japan +  —  —      —  ++  _  —         _ 

Paradysentery,  Mt.  Desert  +  —  —       —  ++  —  —         — 

Manila.^...  ++  ++  ++       —  ++  ++  ++         — 

Colon  B.X ++  4-  _      _  4.4.  4-+  4.          _ 

The  fact  of  most  importance  which  appears  in  Ais  table  is  the 
abundant  agglutinins  which  may  be  found  in  the  serum  of  a  horse 
which  has  never  received  bacterial  injections. 

The  Relative  Accumulation  of  the  Ghronp  and  Specific  Agglutinins  for 
the  Organism  Injected  and  for  Allied  Varieties. — ^A  test  was  carried  out 
with  different  types  of  dysentery  bacilli.  For  the  Manila  culture 
of  Flexner,  which  is  nearest  to  the  colon  in  its  characteristics,  the 
specific  a^lutinins  were  in  the  serum  of  an  animal  which  had  re- 
ceived injections  of  the  Manila  cultures  at  the  end  of  the  fourth  month 
five  times  as  abundant  as  the  group  agglutinin  acting  on  the  Mt. 
Desert  culture  of  Park,  which  represents  a  type  lying  between  the 
Flexner  and  Shiga  cultures.  For  the  dysentery  bacillus  (Shiga)  the 
development  of  agglutinins  was  the  least.     (Fig.  73.) 

Another  point  of  interest  is  that  the  proportional  amount  of  agglu- 
tinins from  the  different  cultures  varied  at  different  times.  If  on 
tests  made  of  a  single  bleeding  we  had  attempted  to  draw  conclusions 

*  This  and  following  tables  and  charts  from  article  by  Park  and  CJollins,  Journal 
of  Medical  Besearch. 
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as  to  the  relative  development  of  specific  and  group  agglutinins  be- 
tween the  cultures,  we  would  have  had  an  imperfect  view.  Many 
conflicting  statements  in  literature  are  undoubtedly  due  to  this  lack 
of  appreciation  of  the  variability  in  the  relative  amount  of  these  two 
types  of  agglutinins  during  a  long  process  of  immunization.  (Fig. 
74.) 


Fig.  73 
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The  rise  and  fall  of  common  and  specific  agelutinins  during  seven  months 
in  a  rabbit  injected  with  the  Manila  culture. 


-Colon  bacillus  X. 
—  Paradysentery  type    (Mt.   Desert). 
-Paradysentery  type   (Manila). 
■Dysentery  type    (Japan). 


#Test  dates  for  all  four  sera. 
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Similar  conditions  to  those  noted  in  previous  chart,  except  that  a  young  goat  has 
been  used  for  the  Injections  of  the  colon  bacillus  X.  The  great  accumulation  of  com- 
mon agglutinins  for  the  paradysentery  bacillus  in  the  third  month  of  the  injections  of 
the  bacillus  X  is  very  striking. 

#  Tests  made. 

The  Use  of  Absorption  Methods  for  Differentiation  between  Spe- 
cific and  Oroup  Agglutinins  due  to  Mixed  Infection  and  to  a  Single 
Infection. — Tt  is  now  well  established  that  if  an  infection  is  due  to 
one  microorganism  there  will  be  specific  agglutinins  for  that  organ- 
ism and  group  agglutinins  for  that  and  other  more  or  less  allied 
organisms.  If  infection  is  due  to  two  or  more  varieties  of  bacteria, 
there  will  be  specific  agglutinins  for  each  of  the  microorganisms  and 
groii]>  agglutinins  produced  because  of  each  of  them. 

The  above  facts  have  been  demonstrated  by  several  investigators. 
*  Injections  stopped. 
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The  following  experiments  selected  from  those  reported  by  Castel- 
lani*  well  illustrate  these  points:  A  rabbit  immunized  to  B.  typhi 
agglutinated  B.  typhi  1:5000,  B.  coli  (31)  1:600.  After  satura- 
tion with  B.  typhi  all  agglutinins  were  removed  for  both  microorgan- 
isms. A  rabbit  immunized  to  both  B.  typhi  and  B.  coli  (31)  agglu- 
tinated B.  typhi  1:4000,  B.  coli  (31)  1:1000.  (After  saturation 
with  B.  typhi  the  serum  did  not  agglutinate  B.  typhi,  but  B.  coli 
(31)  1 :  900.)  After  saturation  with  B.  coli  it  failed  to  agglutinate 
B.  coli  (31),  but  still  agglutinated  B.  typhi  1:  4000. 

From  these  and  other  experiments  Castellani  drew  the  important 
conclusions : 

1.  The  serum  of  an  animal  immunized  against  a  certain  micro- 
organism, when  saturated  with  that  microorganism,  loses  not  only 
its  agglutinating  power  for  that  organism,  but  also  for  all  other  varie- 
ties that  it  formerly  acted  upon.  Saturated  with  the  others,  its 
action  upon  the  first  is  reduced  little  or  not  at  all. 

2.  The  serum  of  an  animal  immunized  against  two  microorgan- 
isms, A  and  B,  loses  its  agglutination  when  saturated  with  A  only 
for  A.  Saturated  with  A  and  B  it  loses  its  agglutinating  power  for 
both. 

3.  These  facts  may  be  applied  to  the  diagnosis  of  an  unknown 
mixed  infection.  Suppose,  for  instance,  the  serum  from  a  typhoid 
case  agglutinates  both  the  laboratory  cultures  of  the  typhoid  bacilli 
and  ikose  of  a  variety  of  the  colon  group.  We  saturate  the  serum 
with  typhoid  bacilli.  If  the  serum  loses  its  agglutinating  power  for 
the  typhoid  bacillus  only,  it  is  a  case  of  mixed  infection  with  both 
the  ^phoid  bacillus  and  the  type  of  colon  bacillus  used  in  the  test. 
If  the  serum  loses  its  agglutination  for  both  the  B.  typhi  and  the 
B.  coli,  then  it  is  a  pure  typhoid  infection,  the  B.  coli  having  been 
agglutinated  by  the  group  agglutinins  produced  because  of  the  ty- 
phoid infection. 

The  conclusions  Castellani  derived  from  the  facts  stated  in  para- 
grajAs  1  and  2  are  not  warranted,  because  of  the  fact  that  bacteria 
absorb  group  agglutinins  produced  by  other  varieties  of  bacteria  and 
which  agglutinins  may  not  appreciably  affect  them.  The  agglutinins 
in  the  serum  of  the  supposed  case  of  typhoid  fever  which  agglutinated 
the  test  culture  of  B.  coli  and  were  absorbed  by  B.  typhi  were  not, 
it  is  true,  produced  by  the  variety  of  B.  coli  of  the  test  culture,  but 
they  may  have  been  produced,  and  in  fact  probably  were,  by  some 
other  variety  of  B.  coli.  The  B.  typhi  is  less  apt  to  produce  abund- 
ant group  agglutinins  for  B.  coli  than  are  other  varieties  of  B.  coli, 
and  it  absorbs  the  group  agglutinins  produced  by  many  varieties  of 
the  B.  coli  for  other  bacteria. 

The  results  of  a  number  of  experiments  carried  out  by  us  demon- 
strate this.  The  following  tables  give  the  outcome  of  several  experi- 
ments: 

*Zeitschiift  f.  Hyg.,  Btl.  xl.,  S.  17. 
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Absorption  by  thb  Typhoid  Bacillus  of  Group  Agolutinins  Actino  upon  a 

Number  of  Varieties  of  B.  ooli  which  were  Produced  by 

Another  Variety  of  B.  coli. 

Agglutination  by  Serum  of  Rabbit  Immunised  to  Colon  BcuiUlus  X. 

Before  addition  of      After  attempt  at  absorption 

typhoid  bacUli.  

Colon   badllos   X 600 

1 500 

2 600 

8 260 

4 250 

6 10 

6-18 less  than     10 

Typhoid     "  •*        "        10 


with  typhoid  bacllU  at  22°  C. 
600 
20 
80 
30 
10 
10 
10 
10 


less  than 


The  absorption  tests  were  carried  out  by  adding  the  bacilli  from 
recent  agar  cultures  to  a  10  per  cent  solution  of  the  serum  in  a 
twenty-four-hour  bouillon  culture.  The  mixture  was  allowed  to 
stand  for  twenty-four  hours  at  about  22°  C.  It  was  found  that  a 
simple  dilution  of  serum  when  left  at  37°  C.  rapidly  deteriorated. 
Thus,  in  an  extreme  instance  a  serum  positive  at  1 :  1600,  when 
diluted  with  bouillon  or  salt  solution  1 :  25  and  left  at  37°  C.  for 
twenty-four  hours,  lost  30  to  40  per  cent,  of  its  strength;  at  22°  C. 
it  lost  15  to  20  per  cent.  Left  for  three  hours  only,  the  loss  was 
only  5  to  10  per  cent 
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Showing  the  effect  of  saturating  with  bacilli  of  types  Shlga-Manlla  and  Mt.  Desert, 
a  serum  from  a  horse  which  had  received  combined  Injections  of  dysentery  badUl  of 
the  three  types.  Note  that  the  Manila  type  removed  almost  all  the  specific  and  group 
agglutinins  acting  upon  Its  own  type  and  the  group  agglutinins  acting  upon  the  Coney 
Island  and  normal  types,  leaving  the  specific  agglutinins  for  types  Shiga  and  Mt. 
Desert  The  same  is  true  for  types  Shiga  and  Mt.  Desert  when  they  were  used. 
*'     **  adyfi 


Manila  paradysentery. 

Japan  paradysenterr. 

Aft.  Desert  paradysentery. 

and Atypical  paradysentery. 

The  absorption  method  simply  proves,  therefore,  that  when  one 
variety  of  bacteria  removes  all  agglutinins  for  a  second  the  agglu- 
tinins under  question  were  not  produced  by  that  second  variety. 

Loss  of  Capacity  in  Bacteria  to  be  Agglutinated  or  to  Absorb 
Agglutinins  Because  of  Orowth  in  Immune  Sera. — The  loss  of  tiiese 
characteristics  by  growth  in  sera  has  been  demonstrated  by  Marshall 
and  Knox.     The  experiments  of  Collins  and  myself  are  recorded 
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because  they  were  undertaken  in  a  slightly  different  way  and  also 
because  a  certain  number  of  confirmatory  observations  are  of  value. 

The  maltose  fermenting  paradysentery  bacillus  of  Flexner  was 
grown  on  each  of  eleven  consecutive  days  in  fresh  bouillon  solutions 
of  the  serum  from  a  horse  immunized  through  oft-repeated  injections 
of  the  bacillus.  The  solutions  used  were  1.5,  4,  and  15  per  cent 
The  serum  agglutinated  the  culture  before  its  treatment  in  dilutions 
up  to  1:800,  arid  was  strongly  bactericidal  in  animals.  After  the 
eleven  transfers  the  culture  grown  in  the  15  per  cent  solution  ceased 
to  be  agglutinated  by  the  serum  and  ceased  to  absorb  its  specific 
agglutinins.  The  cultures  grown  in  the  1.5  and  4  per  cent,  solutions 
agglutinated  well  in  dilutions  up  to  1 :  60  and  1 :  100  and  continued 
to  absorb  agglutinins.  The  recovery  of  the  capacity  to  be  agglu- 
tinated was  very  slow  when  the  culture  was  from  time  to  time  trans- 
planted on  nutrient  agar.  After  growth  for  sixteen  weeks,  during 
which  it  was  transplanted  forty-three  times,  it  agglutinated  in  dilu- 
tions of  1 :  200.  The  culture  grown  in  4  per  cent,  agglutinated 
1 :  500,  and  the  one  in  1.5  per  cent  1 :  800.  This  diminution  and 
final  cessation  of  development  of  agglutinable  substance  in  bacteria 
grown  in  a  serum  rich  in  agglutinin  and  immune  bodies  is  interest- 
ing both  as  showing  the  variation  of  the  bacteria  and  as  one  means 
of  adapting  themselves  to  resist  destruction,  since  the  bacteria  which 
ceased  to  produce  agglutinable  substance  probably  also  produced  less 
substance  with  affinity  for  other  antibodies.  This  inhibition  of  the 
production  of  agglutinable  substance  was  also  very  noteworthy  in  the 
case  of  pneumococci  grown  in  serum  media. 

Relation  between  Agglutinating  and  Bactericidal  Power In 

spite  of  proof  to  the  contrary  good  observers  hold  to  the  belief  that 
there  is  some  relation  between  the  agglutinating  and  the  bactericidal 
strength  of  a  serum.  The  tests  we  carried  out  on  the  serum  of  a 
niunber  of  horses  showed  no  such  relation.     In  Fig.  76  are  recorded 
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Relation  of  agglutinative  power  to  bactericidal.     Horse  injected  with  Manila 
culture  oyer  a  period  of  sixteen  months. 
-Agglutination  Index, 
rfcir  ■   •    - 


0  Tests  dates. 


-Bactericidal  index. 
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a  number  of  comparative  tests  during  a  period  of  sixteen  months. 
The  tests  of  the  bactericidal  power  of  the  serum  were  made  by 
Goodwin. 

Variation  in  the  Agglutinating  Strength  of  a  Serum. — There  is 
usually  a  continued  increase  in  the  amount  of  agglutinin  in  the  blood 
of  an  infected  person  from  the  fourth  day  until  convalescence  and 
then  a  decrease.  At  times,  however,  there  is  a  marked  variation  from 
day  to  day,  so  that  it  may  be  abundantly  present  one  day  and  almost 
absent  the  next. 

Precipitin. — A  substance  similar  to  but  altogether  distinct  from 
agglutinin  is  precipitin.  This  substance  was  discovered  by  Kraus 
in  1897.  He  found  that  when  a  little  immune  serum  was  added  to 
the  bacteria-free  filtrate  of  a  culture  of  the  organism  used  to  produce 
the  immunization  there  occurred  a  precipitate.  This  same  reaction 
took  place  between  the  serum  of  an  animal  injected  with  various 
proteid  substances,  such  as  white  of  egg,  blood  serum,  milk,  etc. 
Precipitins  in  their  development,  flieir  resistance  to  heat  and  chem- 
icals and  in  their  specific  and  non-specific  forms  are  similar  to  ag- 
glutinins. The  precipitins  have  been  used  more  in  relation  to  blood 
identification  than  in  bacteriology.  The  specificity  of  precipitins 
is  like  that  of  the  agglutinins  not  absolute.  Group  precipitins  act 
upon  similar  chemical  substance  derived  from  cells  having  very 
different  characteristics.  The  precipitin  test  is  mostly  employed  in 
testing  sera  and  tissue  extracts  raflier  than  bacterial  filtrates. 

As  the  action  of  bacterial  precipitins  seems  to  be  parallel  with  the 
action  of  the  agglutinins,  it  is  not  possible  that  where  tube  reactions 
are  depended  upon,  some  confusion  may  occur  as  to  which  substance 
is  really  affected  by  certain  processes  or  agents,  especially  those  hav- 
ing a  solvent  action  upon  the  bodies  of  the  bacteria. 


CHAPTEE   XVII. 

OPSONINS*  OR  SUBSTANCES  WHICH  PREPARE  THE  BACTERIA 
FOR  THE  LEUKOCYTES. 

The  original  theory  of  Metchnikoff,  that  the  leukocytes  were  the 
only  actual  protective  bodies  which  warded  off  disease,  and  that  they 
did  this  by  attacking  the  bacteria  was  founded  on  the  now  well-known 
fact  that  certain  of  the  white  cells  possessed  the  power  of  taking  up 
into  themselves  pathogenic  bacteria,  and  that  they  were  there  de- 
stroyed. It  was  later  observed  that  these  cells  had  the  property  of 
taking  from  the  blood  many  lifeless  foreign  elements,  thereby  keep- 
ing the  blood  channels  free  of  foreign  particles. 

The  question  thereby  arose  as  to  whether  these  cells  engulfed  and 
then  killed  the  bacteria,  or  whether  perhaps  other  substances  kijled 
or  prepared  them  before  the  cells  took  them  up.  It  became  known 
that  certain  bacteria  were  killed  solely  by  the  bactericidal  substances 
in  the  serum  while  others  are  not  killed  until  taken  up  by  the  leuko- 
cytes. The  leukocytes  and  the  chemical  substances  of  the  blood  thus 
both  play  an  important  part  The  death  of  the  bacteria  also  liberates 
positive  diemotactic  substances,  and  the  disintegration  of  the  white 
blood  cells  gives  rise  to  bactericidal  bodies.  We  find  that  phagocy- 
tosis is  most  marked  when  the  disease  is  on  the  decline  or  the  infection 
mild,  but  is  usually  absent  in  rapidly  increasing  infection.  This 
would  seem  to  indicate  that  the  course  of  the  infection  is  often  already 
determined  before  the  leukocytes  become  massed  at  the  point  of  its 
entrance.  The  first  determining  influence  is  given  by  the  condition  of 
the  tissues  and  the  amount  of  bactericidal  substances  contained  in 
them,  and  then,  later,  in  cases  where  the  bacteria  have  been  checked, 
comes  the  additional  help  of  the  leukocytes.  If  the  tissues  are  wholly 
free  of  bactericidal  and  sensitizing  substances,  neither  they  nor  the 
leukocytes,  nor  both  combined,  can  prevent  the  bacterial  increase. 
The  simple  absorption  by  the  cells  of  bacteria  is  not  necessarily  a 
destructive  process.  Metchnikoff  believes  that  the  polymorphonu- 
clear leukocrytes  are  especially  antibacterial  in  relation  to  acute  in- 
fections. The  large  phagocytes  are  conceived  to  deal  chiefly  with  the 
resorption  of  tissue  cells  and  with  immunity  to  certain  chronic  dis- 
eases, such  as  tuberculosis. 

The  present  great  interest  in  the  subject  of  the  opsonins  is  largely 
due  to  the  investigations  and  influence  of  Wright.  We  should,  how- 
ever, recognize  the  important  earlier  work  of  others.  Denys  and 
Leclef  had  previously  shown  that  in  the  case  of  rabbits  immunized 
against  streptococci,  the  increased  phagocytosis  was  due  to  an  altera- 
*  Greek  ** opsone" — I  cater  for. 
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tion  in  the  serum  and  not  to  changes  induced  in  the  leucocytes.  They 
demonstrated  that  the  leukocytes  of  the  immimized  animal  when 
placed  in  normal  serum  showed  no  greater  phagocytic  activity  than 
normal  leuko(r7te8  did.  Wright  added  the  important  fact  that  the 
substances  in  the  serum  favoring  phagocytosis  united  with  the  bac- 
teria. Neufeld  and  Rimpau  discovered  the  same  point  independ- 
ently. Wright  dealt  mostly  with  normal  serum,  while  Neufeld  used 
serimi  from  immunized  animals. 

Wright  originated  the  idea  of  estimating  the  changes  in  the  opsonic 
power  of  the  blood  for  the  purpose  of  guiding  the  use  of  vaccines  in 
the  treatment  of  bacterial  infections.     Thus  he  states : 

"  I  have  found  that  there  exists  in  the  serum  of  the  successfully  inoculated 
patient  an  increase  of  opsonin.  This  is  a  substance  which  lends  itself  to 
very  accurate  measurement  by  a  modification  of  Leishman's  method.  By  the 
aid  of  this  method  the  patient's  progress  or  regress  can  be  very  accurately 
followed." 

Where  vaccines  are  injected  Wright  states  there  "supervenes  a  negative 
phase  when  there  is  a  diminished  content  in  protective  substances.  This  is 
succeeded  by  a  positive  phase.  This  inflowing  wave  of  protective  substances 
rapidly  flows  out  again,  but  leaves  behind  in  the  blood  a  more  or  less  per- 
manently increased  content  of  protective  substances.  When  a  small  dose  of 
vaccine  is  given  the  negative  phase  may  hardly  appear,  but  the  positive  phase 
may  be  correspondingly  diminished.  Where  an  unduly  large  dose  of  vaccine 
is  inoculated  the  negative  phase  is  prolonged  and  much  attenuated.  The  posi- 
tive phase  may  in  such  a  case  make  default." 
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Ofllohor,  19)0 

An  opsonic  curve  showing  the  slfght  immediate  rise  and  the  later  negative 
and  positive  phases  following  inoculation. 

"  It  will  be  obvious  that,  if  we,  in  the  case  of  a  patient  who  is  already  the 
subject  of  a  bacterial  invasion,  produce  by  the  injection  of  an  excessive  dose 
of  vaccine  a  prolonged  and  well-marked  negative  phase,  we  may,  instead  of 
benefiting  the  patient,  bring  about  conditions  which  will  enable  the  bacteria 
to  run  riot  in  his  system." 

"  Now,  consideration  will  show  that  we  may  obtain,  according  as  we  choose 
our  time  and  our  dose  wisely  or  unwisely,  either  a  cumulative  effect  in  the 
direction  of  a  positive  phase  or  a  cumulative  effect  in  the  direction  of  a  nega- 
tive phase.  We  may,  in  other  words,  by  the  agency  of  two  or  more  successive 
inoculations,  raise  the  patient  by  successive  steps  to  a  higher  level  of  immu- 
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nity,  or,  as  the  case  may  be,  bring  down  by  successive  steps  to  a  lower  level. 
We  can  select  the  appropriate  time  and  dose  with  certainty  only  by  examining 
the  blood  and  measuring  its  content  in  protective  substances  in  each  case 
before  reinoculating." 

"  You  will,  perhaps,  think  that  the  chances  of  cumulation  in  the  direction 
of  a  negative  phase  are  very  remote  if  during  the  course  of  inoculation  the 
clinical  symptoms  are  watched.  No  doubt  when  you  have  produced  a  serious 
n^^ative  phase  effect  the  fact  will  be  intimated  to  you  by  clinical  symptoms. 
My  point  is  that  that  warning  will  be  conveyed  to  you  too  late.  It  is  con- 
veyed to  you  only  after  you  have  lost  the  advantage  gained  by  the  foregoing 
inoculations  and  undone  all  the  good  you  have  done." 

These  statements  of  Wright  have  exerted  a  great  influence,  for,  if 
he  is  correct,  it  will  be  desirable  for  every  city  to  have  laboratories 
equipped  not  only  for  supplying  vaccines,  but  ako  for  determining  the 
opsonic  index  in  cases  suitable  for  inoculation.  Wright  claims  two 
fundamental  points — first,  that  it  is  possible  to  determine  the  real 
opsonic  power  of  the  blood  with  sufficient  accuracy  to  make  it  avail- 
able for  treatment,  and  second,  that  the  opsonins  are  either  the  most 
important  of  the  protective  substances  of  the  blood  or  that  they  un- 
dergo a  sufficient  proportional  development  with  the  latter  to  be  a 
safe  guide  as  to  their  amount.  A  knowledge  of  the  opsonic  power  is 
also  believed  to  give  information  as  to  the  presence  of  an  infection. 

THE  OPSONIO  INDEX. 

Tedmiqne. — Wrist's  tedmique  of  measuring  the  opsonic  power  is 
a  slight  modification  of  the  Leishman^  method  and  is  as  follows: 
An  emulsion  of  fresh  human  leukocytes  is  made  by  dropping  twenty 
drops  of  blood  from  a  finger  prick  into  20  c.c.  normal  salt  solution 
containing  one  per  cent,  sodium  citrate.  The  mixture  is  centrifuged, 
the  supernatant  clear  fluid  removed  and  the  upper  layers  of  the  sedi- 
mented  blood  cells  transferred  by  means  of  a  fine  pipette  to  10  c.c. 
normal  salt  solution.  After  centrifuging  this  second  mixture  the 
supernatant  fluid  is  pipetted  off  and  the  remaining  suspension  used 
for  the  opsonic  tests.  Such  a  "  leukocyte  emulsion,"  of  course,  con- 
tains a  mixture  of  leukocytes  and  of  red  blood  cells;  the  proportion 
of  leukocytes,  however,  is  much  greater  than  in  the  original  blood. 
The  bacterial  emulsion  is  prepared  by  gently  rubbing  a  little  of  the 
culture  to  be  tested  in  salt  scJution  (0.85  to  1.2  per  cent).  When 
thoroughly  mixed  the  fluid  is  centrifuged  for  a  few  minutes  so  as 
to  remove  any  clumps.  The  emulsion  should  be  so  thick  that  in  a 
trial  test  the  leukocytes  take  up  about  flve  apiece  on  the  average. 

One  volume  of  the  leukocytes  is  mixed  with  one  volume  of  Sie  bac- 
terial suspension  to  be  tested  and  with  one  volume  of  the  senmi. 
This  is  best  accomplished  by  means  of  a  pipette  whose  end  has  been 
drawn  out  into  a  capillary  tube  several  inches  in  length.  With  a 
mark  made  about  three-quarters  of  an  inch  from  the  end  it  is  easy 
to  suck  up  one  such  volume  of  each  of  the  fluids,  allowing  a  small 
air  bubble  to  intervene  between  each  volume.     All  three  are  now 

^Leishman,  British  Medical  Jonmal,  Jan.,  1902. 
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expelled  on  a  slide  and  thoroughly  mixed  by  drawing  back  and  forth 
into  tJie  pipette.  Then  the  mixture  is  sucked  into  the  pipette,  the 
end  sealed  and  the  whole  put  into  the  incubator  at  37°  C.  The  iden- 
tical test  is  made  using  a  normal  senmi  in  place  of  the  serum  to  be 
tested.  Both  tubes  are  allowed  to  incubate  fifteen  minutes  and  then 
the  end  of  the  tube  is  broken  off,  a  large  drop  mounted  on  a  clean 
slide  the  surface  of  which  was  previously  roughened  by  emery  paper 
and  a  spread  made  with  a  second  slide  as  in  ordinary  blood  work, 
only  a  little  thicker  and  using  no  force  whatever.  After  drying  in 
the  air  the  smears  are  stained  without  previous  fixation  either  with 
a  one  per  cent,  aqueous  solution  of  methylene  blue  or  some  other 
suitable  stain.  The  degree  of  phagocytosis  is  then  determined  in  eadr 
by  counting  a  consecutive  series  of  fifty  or  one  hundred  leukocytes  and 
finding  the  average  number  of  bacteria  ingested  per  leukocyte.  This 
number  for  tbe  serum  to  be  tested  is  divided  by  the  number  obtained 
with  the  normal  serum  and  the  result  regarded  as  the  opsonic  index 
of  the  serum  in  question.  The  presence  of  a  high  opsonic  index 
Wright  regards  as  indicative  of  increased  resistance.  He  further 
states  that  the  fluctuation  of  the  opsonic  index  in  normal  healthy  indi- 
viduals is  not  more  than  from  .8  to  1.2,  and  that  an  index  below  .8 
is  therefore  almost  diagnostic  of  the  presence  of  an  infection  with  the 
organism  tested. 

Simon's  Method:  Simon  has  suggested  a  modification  of  Wright's 
method.  He  estimates  the  percentage  of  phagocyting  cells  in  the 
mixture  containing  the  serum  to  be  tested  and  compares  this  with 
the  mixtures  containing  normal  serum.  He  also  suggests  that  dilu- 
tions of  blood  be  tested. 

The  Accueacy  with  Which  the  Opsonic  Power  of  the  Blood 
CAN  BE  Determined  by  Wright's  Methods. — An  examination  of 
any  slide  will  show  fliat  the  different  leucocytes  vary  in  their  size 
and  in  their  content  of  bacteria.  This  is  due  partly  to  variation  in 
phagocytic  activity,  and  partly  to  the  interference  of  the  red  blood 
cells,  which  are  present  in  great  numbers  in  tbe  emulsion  and  sepa- 
rate the  bacteria  in  different  degrees  from  the  white  cells.  These 
and  other  reasons  bring  it  about  that  the  different  leucocytes  vary 
greatly  in  the  number  of  bacteria  they  take  up  and  in  their  distribu- 
tion on  the  slide.  Partly  to  overcome  this,  large  numbers  of  leuko- 
cytes are  counted.  Beyond  one  hundred,  or  at  most  one  hundred  and 
fifty,  the  increase  of  accuracy  hardly  compensates  for  the  extra  labor. 
The  following  table  shows  the  difference  between  counting  larger  or 


Table. 


Cells  Counted. 


50 
100 
150 
200 
600 
1,200. 


Average  Number  of  Bacteria  in  each  Leucocyte. 


1.18 
1.22 
1.18 
1.18 
1.28 
1.34 


1.88 

1.34 

1.78 

1.24 

1.62 

1.22 

1.51 

1.22 

1.62 

1.23 

1.44 

1.25 

1.42 

1.90 

1.42 

1.59 

1.44 

1.50 

1.46 

1.37 

1.36 

1.36 

1.30 

1.42 
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smaller  numbers  of  cells  in  five  opsonic  tests  as  determined  by  count- 
ing different  numbers  of  cells  in  one  specimen. 

It  is  noticed  that  the  variation  between  the  average  cell  count 
obtained  from  fifty  cells  and  larger  numbers  is  much  greater  than 
between  tJiat  obtained  at  from  one  hundred  or  one  hundred  and 
fifty. 

It  is  necessary  to  have  the  counts  that  are  compared  all  counted  by 
the  same  person,  as  each  individual  has  a  somewhat  different  method 
and  will  average  higher  or  lower  for  all  counts  than  any  other  person. 

When  two  specimens  of  blood  are  tested  not  only  the  inaccuracy  of 
counting  due  to  the  different  arrangement  of  the  unequally  filled  cells 
on  the  slides  to  be  counted  is  met,  but  the  fact  that  in  making  the  test 
the  conditions  are  not  similar,  for  in  different  mixtures  slightly  dif- 
ferent proportions  of  leucocytes,  bacteria,  and  red  cells  will  always  be 
mixed  together.  If  smears  from  a  series  of  tubes  of  the  same  blood 
are  compared  with  a  series  of  smears  from  one  of  the  tubes,  the  for- 
mer will  always  show  the  greater  variation. 

This  variation  is  much  greater  than  most  examiners  believe. 
North  has  collected  a  series  of  tests  carried  out  in  nearly  all  the  im- 
portant laboratories  in  the  Eastern  United  States  that  are  working 
upon  opsonins.  The  results  recorded  seem  to  me  to  prove  absolutely 
that  while  an  average  counting  error  of  only  about  ten  per  cent,  is 
present  there  may  be  an  exceptional  error  of  at  least  one  hundred  per 
cent,  and  one  of  at  least  twenty  per  cent,  may  be  expected  once  in 
about  every  ten  determinations. 

The  following  is  a  fair  average  of  the  correctness  of  routine  tests 
by  experienced  workers. 


Absolute  CJount 

OP  Bacteria 

IN  One  Hundred  Leucocytes. 

Blood  Specimen  A. 

Blood  Specimen  B. 

Blood  Specimen  C. 

Tnbe   1 

166 
168 
172 
198 

Tubel... 

*«     2 

142 

182 
188 

Tabel 

89 

«      2 

»*     2 

102 

"      3 

«<     3 

"     3 

121 

"      4 

This  error,  which  occurs  because  of  the  technic,  applies  not  only 
to  the  examination  of  the  specimen  of  blood,  but  also  to  the  measure 
we  employ  to  estimate  the  amount  of  opsonins.  As  these  are  not 
stable,  we  cannot  have  a  standardized  solution,  as  we  do  with  anti- 
toxins. We  must,  therefore,  determine  our  measure  afresh  in  each 
test,  taking  for  this  purpose  a  supposedly  normal  blood.  Wright, 
from  a  great  many  tests,  has  determined  that  the  opsonic  power  of 
the  blood  in  non-infected  persons  for  tubercle  bacilli  does  not  vary, 
as  a  rule,  more  than  ten  per  cent  above  or  below  the  average  power 
of  healthy  blood.  For  staphylococci  there  is  more  variation.  It  is 
found  also  that  many  things  besides  infection  decrease  the  amount  of 
opsonins  in  the  blood.  Hemorrhage,  fatigue,  starvation,  and  other 
influences  which  lower  the  resistance  of  the  body  have  this  effect 
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Wright  gets  this  measure  as  uniform  as  possible  by  determining 
the  average  opsonic  strength  of  five  supposedly  healthy  persons  at 
the  time  of  each  test.  If  any  one  of  these  five  is  considerably  below 
or  above  others  it  is  omitted  for  that  day.  The  measure  so  obtained 
will  probably  vary  above  five  per  cent  from  day  to  day,  though  seldom 
getting  far  away  from  what  we  might  call  the  absolute  normal.  The 
following  results  were  obtained  by  us  from  examining  at  one  test  a 
number  of  supposedly  normal  persons  against  tubercle  bacilli  and 
staphylococci. 

Opsonic  Counts  in  Test  of  Twenty-one  Normal  Sera  with  Stock 
Staphylococcus  Culture. 


4.13 
2.93 
2.78 
4.37 
3.58 
2.90 
3.56 


8.... 
9..., 
10. 
11., 
12. 
13.. 
14.. 


3.82 
3.95 
3.98 
4.27 
3.69 
3.80 
3.59 


15.. 
16. 
17., 
18.. 
19.. 
20.. 
21.. 


9.09 
5.17 
4.04 
3.82 
4.00 
3.79 
3.44 


Opsonic  Coi 

JNTS  IN  Eighteen  Consecutivb  Normal  Cases  with 
Bacilli. 

Tubercle 

Case. 

Average  Num- 
berSadlli. 

Opionic  Index. 

Case. 

Average  Num- 
ber Bacilli. 

Opsonic  Index. 

1 

2.46 
3.20 
2.90 
2.66 
2.75 
2.30 
2.40 
1.88 
1.73 

1.00 

1.3 

1.14 

1.08 

1.12 

.94 

.98 

.76 

.70 

10 

2.05 
2.21 
2.86 
2.81 
2.79 
3.34 
2.96 
2.16 

.83 

2 

11 

.90 

3 

12 

1.17 

4 

13  

1.14 

5 

14 

1.14 

6 

16 

1.32 

7 

16 

1.02 

8 

17  

RR 

9 

18 

3.12         1         1  27 

The  Influence  Upon  the  Opsonic  Test  of  the  Specific 
Differences  Between  Strains  of  a  Single  Species. — The  gen- 
eral practice  in  laboratories  is  to  use  stock  cultures  of  tubercle  bacilli, 
staphylococci,  and  oflier  bacteria  for  the  opsonic  tests.  To  obtain  a 
culture  from  a  case  may  be  at  first  impossible  and,  if  successful, 
causes  a  delay  of  at  least  one  or  two  days.  The  culture  when  ob- 
tained may  also,  as  is  frequently  the  ease  with  pneumococci  and  strep- 
tococci, fail  to  readily  opsonize. 

These  and  oflier  reasons  tend  to  establish  the  use  of  laboratory 
stock  cultures,  and  yet  we  must  acknowledge  that  when  we  test  the 
amount  of  opsonins  by  both  the  stock  and  fresh  cultures  a  marked 
difference  sometimes  develops,  so  that  the  index  may  vary  at  least 

Tables  op  Results  fboh  Two  Tests. 
Staphylococcus  cultures. 


Serum. 

First  Day's  Test. 

Second  Day's  Test 

Strain  A. 

Strain's. 

Strain  A. 

Strain  B. 

Casel 

Case  2 

8.25 
6.65 

4.09 
5.92 

3.00 
2.06 

2.39 
1.12 
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fifty  per  cent  This  factor  of  individual  specificity  must  therefore 
be  taken  into  account  in  our  interpretation  of  the  accuracy  of  an 
opsonic  test 

The  Leukocytes  to  be  Employed. — To  many  it  seems  a  matter 
of  indifference  whether  one  person's  leukocytes  or  another's  are  used, 
but  ^ur  experiences  have  shown  that  the  leukocytes  from  different 
persons  not  only  vary  in  their  activity,  but  also  in  their  selective 
action,  and  that  the  index  is  not  the  same  when  obtained  with  one 
person's  leukocytes  as  with  another's. 

Table. 
Tests  of  same  emulsion  of  staphylococci  with  different  leucocytes. 


tt-fS,^'  i^3i»°'  M"p5- 

Specimen  of    !  4""S*''»'^  °' 
Blood  from      j    B.^B«^ri. 

Leucocytes  R. 

Bacteria  per 

iCell. 

Gibeon 1          2.8 

2.9 
3.4 

1 

Jurist 3.0 

3.4 

Bolduan {          3.0 

Greenwald....          2.6 

4.4 

The  Influence  of  the  Strength  of  the  Baotebla^l  Emul- 
sion.— This  has  a  marked  influence  especially  when  Simon's  method 
of  taking  the  percentage  of  phagocyting  cells  is  used. 

The  Opsonic  Vabiation  During  Treatment  by  Inoculations. 
— ^Wright  lays  stress  on  the  considerable  uniformity  of  the  degree  and 
persistence  of  development  of  opsonins  after  inoculation.  We  have 
found  in  a  small  percentage  of  cases  typical  increases  and  decreases, 
as  seen  in  Fig.  77,  but  in  the  majority  of  those  inoculated  there  has 
been  great  irregularity.  Our  experience  has  of  course  been  ex- 
tremely limited  when  compared  to  that  of  Wright 

The  following  chart  for  three  staphylococcus  cases  illustrates  this : 

FlQ.  78 


X  =  Injection  of  vaccine.     3  lines  =  3  cases. 

The  Variation  in  the  Amount  of  Opsonins  in  Supposedly 
Healthy  Persons. — It  has  already  been  noted  that  in  getting  our 
measure  we  test  a  number  of  persons  and  exclude  the  blood  of  those 
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which  varies  greatly  from  the  average.  The  fact  that  it  is  necessary 
to  exclude  the  blood  of  some  shows  that  variation  occurs.  We  are  so 
in  the  habit  of  seeing  the  normal  blood  placed  at  unity  because  it  is 
each  day  the  measure  of  comparison  and  therefore  is  one  that  even 
investigators  are  apt  to  think  of  the  indices  of  normal  persons  as 
being  unchanged  from  day  to  day.  This  is  not  the  fact  A  glance 
at  the  next  chart,  in  which  three  cases  of  tuberculosis  are  charted 
together  with  two  normal  persons,  shows  that  the  variation  is  only 
slightly  greater  in  infected  than  in  normal  cases.  If  one  normal  per- 
son is  charted  against  another  for  several  weeks  marked  differences 
will  usually  appear.  The  indices  of  the  twenty-one  normal  cases 
tested  against  staphylococci  and  the  eighteen  against  tubercle  bacilli, 
recorded  on  page  186,  illustrate  this  variation  in  the  amount  of 
opsonins  in  normal  blood. 

The  Opsonic  Index  Cannot  be  Known  at  the  Time  the 
Treatment  is  Given. — Most  of  those  who  have  not  carried  out  in- 
oculations under  the  guide  of  the  opsonic  tests  think  that  the  vaccina- 
tor is  guided  at  the  moment  of  injection  by  his  knowledge  of  the  op- 
sonic power  of  the  blood  at  the  time.     A  moment's  thought  reveals 
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Chart  2. 
Dotted  and  crossed  lines*  normal  persons.     Continuous  lines,  tuberculosis. 

that  this  is  an  absolute  impossibility.  In  fact,  except  under  very 
unusual  conditions,  it  is  impossible  to  have  the  test  of  the  opsonic 
power  reported  within  twenty-four  hours,  and  in  the  treatment  of  the 
poor  in  out-patient  practice  longer  intervals  usually  elapse,  so  that 
the  treatment  is  given  on  a  test  made  either  the  day  before,  or  more 
often  on  from  three  to  seven  days  befora  As  can  be  seen  by  the 
three  curv^es  on  page  187,  which  are  quite  as  uniform  as  the  average, 
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it  is  impossible  to  judge  what  the  index  is  at  any  moment  by  look- 
ing at  the  indices  of  blood  taken  from  one  to  seven  days  previously. 
This  impossibility  of  knowing  the  opsonic  power  at  the  moment  of 
inoculation  is  in  itself  a  very  serious  difficulty,  and  should  not  be 
overlooked,  as  it  generally  is. 

Other  methods  have  been  devised  to  get  more  accurate  information 
upon  the  opsonic  contents  of  the  blood.  The  dilution  method  and 
that  combined  with  the  determining  the  percentage  of  phagocytes 
absorbing  bacteria  are  the  most  valuable.^  For  experimental  work 
they  have  advantages  but  for  practical  use  in  governing  the  dosage 
of  vaccines  they  have  most  of  the  drawbacks  of  Wright's  method. 

The  Nature  of  Opsonins. — ^Wright  and  Neufeld,  in  their  orig- 
inal experiments  differed  as  to  the  effect  of  heat  on  opsonins.  Further 
investigation  has  shown  that  the  opsonin  in  those  not  immunized 
is  largely  thermo-labile,  and  those  developed  because  of  immuniza- 
tion are  resistant  Muir  and  Martin  believe  from  their  experiments 
that  the  thermo-labile  opsonin  of  normal  serum  and  the  thermo-stable 
opsonin  are  two  entirely  distinct  classes  of  substances.  The  thermo- 
stable substance  is  of  the  nature  of  a  true  antibody  and  possesses  the 
comparatively  specific  qualities  of  antibodies  in  general.  Powerful 
complement  absorbers  have  no  effect  on  the  thermo-stable  opsonin, 
but  do  remove  almost  completely  the  thermo-labile  opsonin. 

Emulsions  of  other  than  the  organisms  used  in  immunization  do 
not  absorb  a  large  percentage  of  the  immune  opsonin,  but  do  of  the 
complement  opsonin. 

We  have  carried  out  absorption  experiments  with  staphylococci, 
colon,  and  tubercle  bacilli.  Our  results  were  similar  to  those  of  Muir 
and  Martin. 

Opsonin  Deficient  in  Exudates. — Opie*  has  shown  that  exu- 
dates produced  by  injecting  microorganisms  usually  have  little  or  no 
opsonin  for  the  variety  injected  or  for  other  varieties. 

CoMPABisoN  Between  Opsonins  and  Bactericidal  Substance 
in  the  Serum. — We  have  made  comparative  tests  between  the  op- 
sonic and  bactericidal  power  of  the  blood  in  typhoid  infection  and 
found  that  they  did  not  run  parallel.  The  frequent  rapid  increase 
in  opsonic  power  within  twelve  hours  of  an  injection  of  bacteria  is 
striking  and  very  different  from  the  development  of  bactericidal 
strengUi. 

Resnlts  Obtained  by  Vaccine  Therapy. — ^Wright-  sums  up  his  ex- 
perience as  follows : 

"  (a)  Case  in  which  Vaccine  Therapy  is  Directed  to  the  Destruction 
of  Only  One  of  the  Infecting  Microbes. — In  most  cases,  the  employ- 
ment of  vaccine  therapy  directed  to  the  destruction  of  a  single  species 
of  microbe  leaves  the  other  species  quite  unaffected.  It  may  even — 
and  this  applies  in  particular  to  surface  infections  of  mucous  mera- 

*  Simon,  Jour.  Exp.  Medicine,  Vol.  9,  No.  5,  1907,  page  487. 
*Opie,  Jour.  Exp.  Med.,  Vol.  9,  No.  5,  p.  515. 
•Jour.  Am.  Med.  Ass.,  Aug.  17,  1907. 
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branes  or  ulcers — conduce  to  the  multiplication  of  the  competing 
microbe. 

''(b)  Case  in  which  Vaccine  Therapy  is  Directed  to  the  Destruction 
of  All  the  Infecting  Microbes. — ^When  in  cases  of  mixed  infection 
measures  are  taken  to  immunize  the  patient  against  each  of  the  dif- 
ferent infections  successful  results  have  been  achieved,  notably  in 
lupus,  cystitis,  and  endometritis.  While  naturally  the  task  of  the 
immunizator  is  more  laborious  and  more  intricate  in  case  two  or  three 
different  vaccines  are  employed,  it  would  seem  tfiat  the  organism  of 
the  patient  does  not  find  the  task  of  responding  to  a  series  of  differ- 
ent vaccines  (always  supposing  that  each  of  these  is  administered  in 
appropriate  and  properly  interspaced  doses)  more  difficult  than  the 
task  of  responding  to  one  variety  of  vaccine  only. 

"  (c)  In  cases  of  streptococcal  septicemia  the  results  have  been  as 
follows :  In  two  cases — one  of  these  being  a  case  of  malignant  endo- 
carditis— a  complete  cure  was  achieved,  in  each  case  in  association 
with  a  very  satisfactory  immunizing  response.  In  a  third  case — also 
a  case  of  malignant  endocarditis — the  high  temperature  which  had 
lasted  for  three  monflis  before  vaccine  therapy  was  resorted  to,  came 
down  to  normal  under  the  influence  of  the  inoculations,  the  patient 
making  an  excellent  immunizing  response.  In  this  case,  death  by 
cardiac  complication  occurred  on  the  fourth  day  after  defervescence. 
In  three  other  cases  of  streptococcal  endocarditis  the  patient  suc- 
cumbed, having  in  each  case  failed  to  make  any  immunizing  response 
to  the  inoculations. 

Amount  of  Vaccine  Injected. — ^Wright  advises  that  for  each 
organism  the  following  number  of  millions  be  given. 


Minimum. 

Maximum. 

Average. 

Staphylococcus 

50.0  m. 

1000.0  m. 

250.0  m. 

Streptococcus 

2.5  m. 

100.0  m. 

25.0  m. 

Pneumococcus 

2.5  m. 

100.0  m. 

25.0  m. 

Gonococcus 

.5  m. 

3.0  m. 

1.0  m. 

B.   coli  group 

5.0  m. 

1000.0  m. 

100.0  m. 

B.  pyocyaneus 

5.0  m. 

1000.0  m. 

100.0  m. 

Tuberculin   (T.  P.) 

.00003  mg. 

.0005 

mg. 

.0003  mg. 

The  injections  are  usually  given  at  intervals  of  five  to  ten  days. 

Personal  Experience. — The  number  of  cases  whidi  we  have 
treated  with  vaccines  has  been  comparatively  few.  We  began  with 
the  treatment  of  twelve  cases  of  tuberculosis,  of  which  half  were 
tuberculosis  of  glands  or  joints  and  half  were  incipient  lung  cases. 
The  opsonic  index  responded  so  irregularly  to  the  injections  that  we 
were  unable  to  derive  help  from  it  in  treatment  and  after  four  weeks 
we  discontinued  taking  the  index,  but  continued  the  vaccine  treat- 
ment according  to  the  system  in  use  at  Saranac  Lake  and  elsewhere. 
Sufficient  time  has  not  elapsed  to  be  certain  of  the  final  results. 

Ten  severe  localized  staphylococcus  infections  were  treated  with 
vaccine  and  apparently  with  benefit  In  three  of  the  ten,  before 
inoculations  were  begun,  the  index  was  above  the  normal,  in  the 
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others  it  was  slightly  or  considerahly  below  normal.  After  injection 
the  opsonic  power  of  the  blood  always  rose  above  the  normal,  but 
sometimes  only  for  a  few  hours.  When  the  index  was  taken  every 
day,  it  was  so  variable  as  to  be  of  little  help,  and  now  we  treat  the 
cases  without  taking  the  index.  The  usual  injection  was  300,000- 
000  organisms. 

A  nimiber  of  cases  of  furunculosis  came  to  our  attention,  during 
the  time  when  the  others  were  being  treated,  who  refused  to  be  in- 
jected. These  all  made  good  recoveries,  but  none  of  these  cases  were 
as  severe  or  of  as  long  duration  as  several  of  those  receiving  inocula- 
tion. Our  belief  is  that  the  vaccines  aided  in  the  recoveries  of  those 
inoculated.  '    < 

A  number  of  mixed  infections  of  the  sinuses  of  the  head  were 
treated.  In  these  cases  great  care  was  taken  te  thoroughly  cleanse 
the  cavities  before  teking  the  cultures.  Although  at  first  some  of 
these  cases  seemed  to  be  improved,  by  giving  vaccines  prepared  from 
their  own  cultures,  yet  in  the  end  only  one  out  of  eight  showed  defi- 
nite improvement,  and  the  vaccine  injections  were  replaced  by  opera- 
tion and  the  usual  treatment. 

A  number  of  cases  of  vaginitis  in  children,  due  te  gonococcus,  were 
inoculated  with  the  gonococcus  vaccine.  For  every  case  so  treated  a 
control  was  cared  for  in  the  ordinary  way,  and  there  was  only  a 
slight  difference  in  the  behavior  of  the  two  series  of  cases.  Two 
cases  of  gonorrhoeal  arthritis  seemed  to  be  somewhat  benefited. 

Two  cases  having  chronic  sinuses  leading  to  diseased  bone  were 
treated  by  the  vaccines  without  benefit.  Both  were  infected  with 
more  than  one  organism.  In  one  of  these  there  were  three  different 
organisms,  two  of  these,  which  were  unidentified  bacilli,  had  remark- 
able indices,  one  averaging  above  six  and  the  other  above  three  dur- 
ing several  weeks  in  which  the  tests  were  made. 

Three  cases  of  severe  acne  were  treated.  Two  of  these  were  quite 
severe  and  were  apparently  benefited.  They  had  previously  been 
resistant  to  the  ordinary  treatment     The  third  was  not  benefited. 

The  few  cases  which  we  have  studied  and  our  observations  of  some 
of  the  results  obtained  by  Wright  himself  have  impressed  upon  us 
the  opinion  that  while  the  vaccines  have  only  a  restricted  field  in 
therapeutics,  it  is  greater  than  we  believed  possible  before  the  re- 
jfOTts  of  Wright  were  published.  We  consider  that  in  single  cases 
the  opsonic  index  is  of  only  occasional  value  in  guiding  the  fre- 
quency and  amount  of  injections  and  that  unless  obtained  under  the 
best  conditions  it  is  apt  to  be  misleading. 

The  Diagnostic  Value  of  Opsonins. — The  presence  of  a  great 
excess  or  deficiency  of  opsonins  for  a  microorganism  or  of  marked 
variation  in  the  index  after  massage  or  exercise  has  been  thought  by 
some  to  indicate  the  type  of  infection.  Extreme  caution  should  be 
used  in  making  such  an  application  of  the  index  determinations. 


PART  11. 

BACTERIA  PATHOGENIC  TO  MAN  INDIVIDUALLY 
CONSIDERED. 


CHAPTER   XVIII. 
THE  BACILLUS  AND  THE  BACTERIOLOGY  OF  DIPHTHERIA. 

The  lesions  of  diphtheria  are  caused  by  toxaemia.  The  concen- 
trated poison  at  the  seat  of  the  exudate  causes  intense  local  inflam- 
n^ation,  while  the  absorbed  poison  diffused  throughout  the  body  causes 
widespread  cellular  injury,  giving  rise  to  constitutional  disturbance 
and  definite  injury  of  the  cells  of  the  muscle,  nerve  and  other  tissues. 

Historical  Notes. — This  specific  contagious  disease  can  be  traced 
back  under  various  names  to  almost  the  Homeric  period  of  Grecian 
history.  The  Greeks  believed  that  it  had  been  communicated  to  their 
country  from  Egypt  From  time  to  time  during  the  following  cen- 
turies we  hear  of  epidemics  both  in  Italy  and  in  other  portions  of 
the  civilized  world  which  indicate  that  the  disease  never  absolutely 
ceased.  The  disease  early  crossed  to  America,  and  in  the  New  Eng- 
land States  we  get  clear  accounts  of  its  ravages. 

In  1765  Home,  a  Scotchman,  tried  to  show  that  "croup"  and 
pharyngeal  diphtheria  were  different  diseases,  and  this  subject  re- 
mained under  controversy  until  it  was  settled,  through  bacteriological 
examinations,  that  while  most  cases  were  undoubtedly  primarily  due 
to  the  diphtheria  bacillus,  a  few  were  not. 

In  1771  Bard,  an  American,  supported  the  opposite  theory  from 
Home,  considering  the  process  the  same  wherever  located.  His  ob- 
servations upon  diphtheria  were  very  important  and  accurate. 

In  1821  Bretonneau  published  his  first  essay  on  diphtheria  in 
Paris  and  gave  to  the  disease  its  present  name.  His  observations 
were  so  extensive  and  so  correct  that  little  advance  in  knowledge  took 
place  until  the  causal  relations  of  the  diphtheria  bacilli  and  their 
associated  microorganisms  to  the  disease  began  to  be  recognized. 

Evidence  of  Causal  Relationship. — In  the  year  1883,  bacilli  which 
were  very  peculiar  and  striking  in  appearance  were  shown  by  Klebs 
to  be  of  constant  occurrence  in  the  pseudomembranes  from  the  throats 
of  those  dying  of  true  epidemic  diphtheria.  One  year  later,  Loeffler 
published  the  results  of  a  very  thorough  and  extensive  series  of*  inves- 
tigations on  this  subject  He  found  the  bacillus  described,  by  Klebs 
14  193 
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in  many  cases  of  throat  inflammations  which  had  been  diagnosticated 
as  diphtheria.  He  separated  these  bacilli  from  the  other  bacteria 
present  and  obtained  them  in  pure  culture.  When  he  inoculated  the 
bacilli  upon  the  abraded  mucous  membrane  of  susceptible  animals 
more  or  less  characteristic  pseudomembranes  were  produced,  and 
frequently  death  or  paralysis  followed  with  characteristic  lesions. 
These  animal  experiments  have  been  fortified  by  a  number  of  acci- 
dental human  infections  in  laboratories. 

The  Diphtheria  Bacillus. — This  bacillus  is  one  of  the  most  inter- 
esting of  bacteria.  Grown  in  the  animal  body  or  in  suitable  culture 
fluid,  it  produces  a  powerful  toxin.  Its  morphology  and  staining 
are  peculiar.     Outside  of  the  body  it  grows  best  on  serum  media. 

Morphology. — When  cover-glass  preparations  made  from  the  exu- 
date or  from  the  cultures  grown  on  blood  serum  are  examined,  the 
diphtheria  bacilli  are  found  to  possess  the  following  morphological 
characteristics:  The  diameter  of  the  bacilli  varies  from  0.3  to  0.8fi 
and  the  length  from  1  to  6fi.  They  occur  singly  and  in  pairs  (see 
Figs.  80  to  87)  and  very  infrequently  in  chains  of  three  or  four. 
The  rods  are  straight  or  slightly  curved,  and  usually  are  not  uni- 
formly cylindrical  throughout  their  entire  length,  but  are  swollen  at 
the  end,  or  pointed  at  the  ends  and  swollen  in  the  middle  portion. 
The  average  length  of  the  bacilli  in  pure  cultures  from  different 
sources  frequently  varies  greatly,  and  even  from  the  same  culture  in- 
dividual bacilli  differ  much  in  their  size  and  shape.  This  is  especially 
true  when  the  bacilli  are  grown  in  association  with  other  bacteria. 
The  two  bacilli  of  a  pair  may  lie  with  their  long  diameter  in  the  same 
axis,  or  at  an  obtuse  or  an  acute  angle.  The  bacilli  possess  no  spores, 
but  have  in  them  highly  refractile  bodies,  some  of  which  are  the 
starting  point  for  new  bacilli.     There  are  no  flagella. 

Staining. — The  Klebs-Loeffler  bacilli  stain  readily  with  ordinary 
aniline  dyes,  and  retain  fairly  well  their  color  after  staining  by 
Gram's  method.  With  Loefiler's  alkaline  solution  of  methylene  blue, 
and  to  a  less  extent  with  Roux's  and  dilute  ZiehVs  solutions,  the 
bacilli  from  blood  serum  cultures  especially,  and  from  other  media 
less  constantly,  stain  in  an  irregular  and  extremely  characteristic 
way.  (See  Fig.  80.)  The  bacilli  do  not  stain  uniformly.  In 
many  cultures  round  or  oval  bodies,  situated  at  the  ends  or  in  the 
central  portions,  stain  much  more  intensely  than  the  rest  of  the  bacil- 
lus. Sometimes  these  highly  stained  bodies  are  thicker  than  the  rest 
of  the  bacillus;  again,  they  are  thinner  and  surrounded  by  a  more 
slightly  stained  portion.  The  bacilli  stain  in  this  peculiar  manner 
at  a  certain  period  of  their  growth,  so  that  only  a  portion  of  the 
organisms  taken  from  a  culture  at  any  one  time  will  show  the  charac- 
teristic staining.  The  young  cultures  have  the  most  regular  forms, 
an  eighteen-hour  growth  showing  more  clubbed  forms  than  at  twelve 
hours.  After  twenty-four  hours  the  bacilli  fail  to  stain  as  well.  In 
still  older  cultures  it  is  often  difficult  to  stain  the  bacilli,  and  the 
staining,  when  it  does  occur,  is  frequently  not  at  all  characteristic. 
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The  same  round  or  oval  bodies  which  take  the  methylene  blue  more 
intensely  than  the  remainder  of  the  bacillus  are  brought  out  still 
more  distinctly  by  the  Neisser  stain. 


Pig.  80 


FiQ.  81 


Fig.  80. — One  of  the  very  characteristic  forms  of  diphtheria  bacilli  from  blood-serum 
cultures,  showing  clubbed  ends  and  irregular  stain,  x  1100  diameters.  Stain,  methy- 
lene blue. 

Fig.  81. — Extremely  long  form  of  diphtheria  bacillus.  This  culture  has  grown  on 
artificial  media  for  twelve  years  and  produces  strong  toxin,     x  1100  diameters. 

Fig.  83 


Fig.  82. — Diphtheria  bacilli  characteristic  in  shapes,  but  showing  even  staining.  In 
appearance  similar  to  the  xerosis  bacillus,     x  1100  diameters.     Stain,  methylene  blue. 

Fig.  83. — Non-virulent  diphtheria  bacilli,  showing  stain  with  Neisser's  solutions. 
Buppoaed  to  be  characteristic  of  virulent  bacilli.  Bodies  of  bacilli  in  smear,  yellowish 
brown ;  points,  dark  blue. 


The  Neisser  stain  is  carried  out  by  placing  the  cover-slip  smear  of 
diphtheria  or  other  bacilli  in  solution  No.  1  for  from  two  to  three  sec- 
onds, and  then,  after  washing,  in  No.  2  for  from  three  to  five  seconds. 
The  bacilli  will  then  appear  either  entirely  brown  or  will  show  at  one 
or  both  ends  a  dark-blue,  round  body.  With  characteristic  diphtheria 
bacilli,  taken  from  a  twelve  to  eighteen  hours'  growth  on  serum, 
nearly  all  will  show  the  blue  bodies  (Fig.  83),  while  with  the  pseu- 
dotype  (Fig.  89,  page  206),  to  be  described  hereafter,  few  will  be 
seen. 

The  solutions  are  as  follows : 

No.  1. 

Alcohol    (96  per  cent.)    20  parts. 

Methylene   blue    (Griibler)     1  part. 

Distilled  water 950  parts. 

Acetic  acid  (glacial)    50     *' 
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No.  2. 

Bismarck  brown   1  part. 

Boiling  distilled  water   500  parts. 

The  Neisser  stain  has  been  advocated  in  order  to  separate  the  viru- 
lent from  the  non-virulent  bacilli,  without  the  delay  of  inoculating 
animals ;  but  in  our  hands,  with  a  very  large  experience,  neither  the 
Neisser  stain  nor  other  stains,  such  as  the  modifications  of  the  Roux 
stain,  have  given  much  more  information  as  to  the  virulence  of  tho 
bacilli  than  the  usual  methylene-blue  solution  of  Loeffler.  A  small 
percentage  of  virulent  bacilli  fail  to  take  the  diaracteristic  stain, 
and  quite  a  few  pseudodiphtheria  bacilli  show  the  dark  bodies. 
In  New  York  there  are  also  a  large  number  of  bacilli  which  seem  to 
have  all  the  staining  and  cultural  characteristics  of  the  virulent  ba- 
cilli, and  yet  are  non-virulent  in  the  sense  that  they  produce  no 
specific  toxin.  To  one  who  is  accustomed  to  the  Loeffler  stain  it  gives 
as  much  information  as  any  other,  as  to  the  specific  virulence  of  the 
bacilli.  The  Neisser  stain  as  well  as  some  others  will  undoubtedly 
cause  the  examiner  to  suspect  more  strongly  some  bacilli  of  being 
virulent  than  the  Loeffler  stain,  but  with  the  varieties  foimd  in 
New  York  this  suspicion  is  as  apt  to  be  wrong  as  right  As  will  be 
stated  more  fully  later,  nothing  but  animal  inoculations  with  control 
injections  of  antitoxin  will  separate  bacilli  capable  of  producing  diph- 
theria toxin  from  others. 

The  Morphology  of  the  Diphtheria  Bacillus  on  Semm-free  Media. 
— This  varies  considerably  wi'th  different  culture  media  employed. 
On  glycerin  agar  or  simple  nutrient  agar  there  are  two  distinct  types. 
One  grows  as  smaller  and,  as  a  rule,  more  regular  forms  than  when 
grown  on  serum  culture  media  (Fig.  84).  The  other  type  shows 
many  thick,  Indian-clubbed  forms  with  a  moderate  number  of  seg- 
ments (Figs.  85-87).*  Short,  spindle,  lancet,  or  club-shaped  forms, 
staining  uniformly,  are  all  observed.  The  bacilli  which  have  devel- 
oped in  the  pseudomembranes  or  exudate  in  cases  of  diphtheria  re- 
semble in  shape  young  bacilli  grown  on  blood  serum,  but  stain  more 
evenly. 

Biology. — The  Klebs-Loeffler  bacillus  is  non-motile  and  non-lique- 
fying. It  is  aerobic.  It  grows  most  readily  in  the  presence  of  oxy- 
gen, but  also  without  it  It  does  not  form  spores.  It  begins  to 
develop,  but  grows  slowly  at  a  temperature  of  20°  C,  or  even  less. 
It  attains  its  maximum  development  at  37°  C.  In  old  cultures  in 
fluid  media,  Williams  has  observed  fusion  of  one  bacillus  with  an- 
other.    The  fused  forms  live  the  longest. 

Resifltance  to  Heat,  Drying,  and  Chemicals. — Its  thermal  death  point 
with  ten  minutes'  exposure  is  about  60°  C,  with  five  minutes  70°  C. 
Boiling  kills  in  one  minute.  It  is  more  easily  destroyed  by  disin- 
fectants than  many  other  bacteria.  In  the  dry  state  and  exposed  to 
diffuse  light  diphtheria  bacilli  usually  die  in  a  few  days  but  they 
may  live  for  months;  when  in  the  dark,  or  protected  by  a  film  of 
piucus  or  albumin,  they  may  live  for  even  longer  periods.     Thus  we 
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found  scrapings  from  a  dry  bit  of  membrane  to  contain  vigorous  and 
virulent  living  bacilli  for  a  period  of  four  months  after  removal  from 
the  throat,  and  if  the  membrane  had  not  been  at  that  time  completely 
used,  living  bacilli  could  probably  have  been  obtained  for  a  much 
longer  period.  On  slate-  and  lead-pencils,  as  well  as  on  paper  money, 
they  may  live  for  several  weeks,  while  on  coins  they  die  in  twelve  to 
thirty-six  hours.     In  culture  media,  when  kept  at  the  blood  heat,  they 


Fio.  84 
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Fig.  84. — ^B.  diphtheria  agar  culture.  Bacilli  small  and  uniform  In  shape,  x  1000 
diameters. 

Fig.  85. — B.  dlphtheriie.  Forty-eight  hours'  agar  culture.  Thick,  medium-clubbed 
rods  and  moderate  number  of  segments.  One  year  on  artificial  culture  media,  x  1410 
diameters. 
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Fig.  86. — B.  diphtherls.  Forty -eight  hours'  agar  culture.  Many  segments;  long, 
medium-clubbed  ends.     One  year  on  artificial  media,     x  1410  diameters. 

Fio.  87. — B.  dlphtheriie.  Twenty-four  hours'  agar  culture.  Coccus  forms.  Seg- 
mented granular  forms  on  Loeifier's  serum.  Only  variety  found;  cases  of  diphtheria 
at  Children's  Home,     x  1410  diameters. 


usually  die  after  a  few  weeks ;  but  under  certain  conditions,  as  when 
sealed  in  tubes  and  protected  from  heat  and  light,  they  retain  their 
virulence  for  years.  The  bacillus  is  not  sensitive  to  cold,  for  we 
found  about  ten  per  cent,  of  the  bacilli  to  retain  their  vitality  and 
virulence  after  exposure  for  two  hours  to  several  hundred  degrees 
below  zero. 

Growth  on  Oulture  Media. — ^Blood  Serum. — Blood  serum,  espe- 
cially coagulated  in  the  form  of  Loefflcr's  mixture,  is  the  most  favor- 
able medium  for  the  growth  of  the  diphtheria  bacillus,  and  is  used 
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particularly  for  diagnostic  purposes  in  examining  cultures  from  the 
throats  of  persons  suspected  of  having  diphtheria.  For  its  prepara- 
tion, see  p.  37.  If  we  examine  the  growth  of  diphtheria  bacillus  in 
pure  culture  on  blood  serum  we  shall  find  at  the  end  of  from  eight 
to  twelve  hours  small  colonies  of  bacilli,  which  appear  as  pearl-gray, 

whitish-gray  or,  more  rarely,  yel- 
lowish-gray, slightly  raised  points. 
The  colonies  when  separated  from 
each  other  may  increase  in  forty- 
eight  hours  so  that  the  diameter 
may  be  one-eighth  of  an  inch.  The 
borders  are  usually  somewhat  un- 
even. The  colonies  lying  together 
become  confluent  and  fuse  into  one 
mass  when  the  serum  is  moist 
During  the  first  twelve  hours  the 
colonies  of  the  diphtheria  bacilli 
are  about  equal  in  size  to  those 
of  the  other  pathogenic  bacteria 
which  are  often  present  in  the 
Colonies  of  dightheria^ bacilli,    x 200        throat;    but   after   this   time   the 

diphtheria  colonies  become  larger 
than  those  of  the  streptococci  and  smaller  than  those  of  the 
staphylococci.  The  diphtheria  bacilli  in  their  growth  never  liquefy 
blood  serum. 

Growth  on  Agar. — On  1  per  cent  slightly  alkaline,  nutrient  or 
glycerin-agar  the  growth  of  the  diphtheria  bacillus  is  less  certain 
and  luxuriant  than  upon  blood  serum  ;  but  the  appearance  of  the  colo- 
nies when  examined  under  a  low-power  lens,  though  very  variable,  is 
often  far  more  characteristic.  (See  Fig.  44,  page  49,  and  Fig.  88.) 
For  this  reason  nutrient  agar  in  Petri  dishes  is  used  to  obtain  diph- 
theria bacilli  in  pure  culture.  The  diphtheria  bacillus  obtained  from 
cultures  which  have  developed  for  some  time  on  culture  media  grows 
well,  or  fairly  well,  on  suitable  nutrient  agar,  but  when  fresh  from 
pseudomembranes  one  prevalent  type  of  bacilli  grows  on  these  media 
with  great  difficulty,  and  the  colonies  develop  so  slowly  as  to  be 
frequently  covered  up  by  the  more  luxuriant  growth  of  other  bacteria 
when  present,  or  they  may  fail  to  develop  at  all. 

If  the  colonies  develop  deep  in  the  substance  of  the  agar  they  are 
usually  round  or  oval,  and,  as  a  rule,  present  no  extensions ;  but  if 
near  the  surface,  commonly  from  one,  but  sometimes  from  both  sides, 
they  spread  out  an  apron-like  extension,  which  exceeds  in  surface  area 
the  rest  of  the  colony.  When  the  colonies  develop  entirely  on  the  sur- 
face they  are  more  or  less  coarsely  granular,  and  usually  have  a  dark 
centre  and  vary  very  much  in  their  thickness.  The  colonies  from 
some  are  almost  translucent;  others  are  thick  and  almost  as  luxur- 
iant as  the  staphylococcus.  The  edges  are  sometimes  jagged,  and 
frequently  shade  off  into  a  delicate  lace-like  fringe;  at  other  times 
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the  margins  are  more  even  and  the  colonies  are  nearly  circular.  With 
a  high-power  lens  the  edges  show  individual  bacilli.  The  colonies  are 
gray  or  grayish-white  by  reflected  light,  and  pearl  gray  with  an  olive 
tint  by  transmitted  light 

The  growth  of  the  diphtheria  bacillus  upon  agar  presents  certain 
peculiarities  which  are  of  practical  importance.  If  a  large  number 
of  the  bacilli  from  a  recent  culture  are  implanted  upon  a  properly 
prepared  agar  plate  a  certain  and  fairly  vigorous  growth  will  always 
take  place.  If,  however,  the  agar  is  inoculated  with  an  exudate  from 
the  throat,  which  contains  but  a  few  bacilli,  no  growth  whatever  may 
occur,  while  the  tubes  of  coagulated  blood  serum  inoculated  with  the 
same  exudate  contain  the  bacilli  abimdantly.  Because  of  the  un- 
certainty, therefore,  of  obtaining  a  growth  by  the  inoculation  of  agar 
with  bacilli  unaccustomed  to  this  medium,  agar  is  not  a  reliable 
medium  for  use  in  primary  cultures  for  diagnostic  purposes.  A 
mixture  composed  of  two  parts  of  a  1.5  per  cent  nutrient  agar  and 
one  part  of  sterile  ascitic  fluid  makes  a  medium  upon  which  the 
bacillus  grows  much  more  luxuriantly,  but  not  so  characteristically. 
The  mixture  is  made  by  adding  ascitic  fluid,  warmed  to  about  45° 
to  50°  C,  to  the  tubes  containing  the  melted  agar  cooled  to  60°  C. 
After  shaking,  the  Petri  plates  are  filled. 

Isolation  of  the  Diphtheria  Bacillus  from  Plate  Cultures. — ^Nu- 
trient plain  or  glycerin-agar  is  the  medium  employed  to  get  by  plating 
methods  a  pure  culture  from  the  original  serum  tube.  The  agar 
should  be  freshly  melted  and  poured  in  the  Petri  dish  for  this  pur- 
pose. After  it  has  hardened,  the  layers  in  a  number  of  plates  are 
streaked  across  with  bacteria  from  colonies  on  the  serum  culture, 
which  appear  in  size  and  color  like  the  diphtheria  bacilli.  Other 
plates  are  made  from  a  general  mixture  of  all  bacteria,  selected,  as 
a  rule,  from  the  drier  portion  of  the  serum.  Other  plates  are  inoc- 
ulated from  the  pellicle  of  twenty-four  hour  ascitic  broth  culture. 
The  plates  are  left  in  the  incubator  for  about  sixteen  hours  at  37°  0. 
In  the  examination  of  the  plates  one  should  first  seek  for  typical 
colonies,  then  if  these  are  not  found,  for  any  that  look  most  nearly 
like  the  diaracteristic  picture.  Diphtheria  colonies  are  very  apt  to 
be  found  at  the  edges  of  the  streaks  of  bacterial  growth. 

Chrowth  in  Bouillon. — The  diphtheria  bacilli  from  about  one-half  the 
cultures  grow  readily  in  broth  slightly  alkaline  to  litmus ;  the  other 
cultures  grow  very  feebly.  The  characteristic  growth  in  neutral 
bouillon  is  one  showing  fiiie  grains.  These  deposit  along  the  sides 
and  bottom  of  the  tube,  leaving  the  broth  nearly  clear.  A  few  cul- 
tures in  neutral  bouillon  and  many  in  alkaline  bouillon  produce  for 
twenty-four  or  forty-eight  hours  a  more  or  less  diffuse  cloudiness, 
and  frequently  a  film  forms  over  the  surface  of  the  broth.  On 
shaking  the  tube  this  film  breaks  up  and  slowly  sinks  to  the  bottom. 
This  film  is  apt  *o  develop  during  the  growth  of  cultures  which  have 
long  been  cultivated  in  bouillon,  and,  indeed,  after  a  time  the  entire 
development  may  appear   on  the  surface  in  the  form  of    a  friable 
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pellicle.  The  diphtheria  bacillus  in  its  growth  causes  a  fermenta- 
tion of  meat-sugars  and  glucose,  and  thus  if  these  are  present  changes 
the  reaction  of  the  bouillon,  rendering  it  distinctly  less  alkaline 
within  forty-ei^t  hours,  and  then,  after  a  variable  time,  when  all 
the  fermentable  sugars  have  been  decomposed,  more  alkaline  again 
through  the  progressing  fermentation  of  other  substances.  Among 
the  products  formed  by  its  growth  is  the  diphtheria  toxin. 

(Growth  in  Ascitic  or  Senmi  Bouillon. — ^AU  varieties  of  diphtheria 
bacilli  grow  well  in  this  medium,  even  when  first  removed  from  the 
throat  They  almost  always  form  a  slight  pellicle  at  the  end  of 
twenty-four  to  forty-eight  hours.  This  culture  medium  is,  as  pointed 
out  by  Williams,  of  the  greatest  value  in  attempts  to  get  pure  cultures 
of  the  diphtheria  bacillus  from  solidified  serum  cultures  containing 
few  bacilli  among  many  other  bacteria.  The  fluid  is  prepared  by 
adding  to  the  nutrient  bouillon  25  per  cent  ascitic  fluid  or  blood 
serum. 

Chrowth  on  Gelatin. — The  growth  on  this  mediimi  is  much  slower, 
more  scanty,  and  less  characteristic  than  that  on  the  other  media  men- 
tioned, on  account  of  the  lower  temperature  at  which  it  must  be  used. 

Growth  in  Milk. — The  diphtheria  bacillus  grows  readily  in  milk, 
beginning  to  develop  at  a  comparatively  low  temperature  (20°  C). 
Thus,  milk  having  become  inoculated  with  the  bacillus  from  some 
cases  of  diphtheria  may,  under  certain  conditions,  be  the  means  of 
conveying  infection  to  previously  healthy  persons.  The  milk  re- 
mains unchanged  in  appearance. 

Pathogenesis In  Animals. — The  diphtheria  bacillus  through  its 

toxins  is,  when  injected  into  their  bodies,  pathogenic  for  guinea- 
pigs,  rabbits,  chickens,  pigeoris,  small  birds,  and  cats ;  also  in  a  lesser 
degree  for  dogs,  goats,  cattle,  and  horses,  but  hardly  at  all  for  rats  and 
mice.  In  spite  of  its  pathogenic  qualities  for  these  animals  true 
diphtheria  occurs  in  them  with  extreme  rarity.  As  a  rule,  supposed 
diphtheritic  inflammations  in  them  are  due  to  other  bacteria  which 
cannot  produce  the  disease  in  man.  The  cat  is  the  only  animal  that 
we  have  known  to  contract  true  diphtheria. 

Tissue  Changes  in  Natural  Infection. — ^The  characteristic  lesions  are 
a  pseudomembranous  inflammation  on  some  of  the  mucous  mem- 
branes or  occasionally  on  the  surface  of  wounds  and  the  general 
hyperplasias  and  parenchymatous  inflammations  produced  by  the 
absorbed  toxic  substances.  Abscess,  oedema  and  pneumonia  are 
apt  to  occur  as  complications.  At  the  autopsy  of  animals  dying  from 
the  poisons  produced  by  the  bacilli,  the  characteristic  lesions  de- 
scribed by  Loeffler  are  found.  At  the  seat  of  inoculation  there  is  a 
grayish  focus  surrounded  by  an  area  of  congestion;  the  subcu- 
taneous tissues  for  some  distance  around  are  (edematous;  the  adjacent 
lymph  nodes  are  swollen;  and  the  serous  cavities,  especially  the 
pleura  and  the  pericardium,  frequently  contain  an  excess  of  fluid, 
usually  clear,  but  at  times  turbid ;  the  lungs  are  generally  congested. 
In  the  organs  are  found  numerous  smaller  and  larger  masses  of  ne- 
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erotic  cells,  which  are  permeated  by  leukocytes.  The  heart  and  cer- 
tain voluntary  muscular  fibres  and  nervous  tissues  usually  show  de- 
generative changes.  Occasionally  there  is  fatty  degeneration  of 
the  liver  and  kidneys.  The  number  of  leukocytes  in  the  blood  is 
increased.  From  the  area  surrounding  the  point  of  inoculation  viru- 
lent bacilli  may  be  obtained,  but  in  the  internal  organs  they  are  only 
occasionally  found,  unless  an  enormous  number  of  bacilli  have  been 
injected.  Paralysis,  commencing  usually  in  the  posterior  extremities 
and  then  gradually  extending  to  the  whole  body  and  causing  death  by 
paralysis  of  the  heart  or  respiration,  is  also  produced  in  many  cases 
in  which  the  inoculated  animals  do  not  succumb  to  a  too  rapid  intox- 
ication. In  a  number  of  animals  we  have  seen  recovery  take  place 
three  to  six  weeks  after  the  onset  of  the  paralysis.  The  occurrence 
of  these  paralyses,  following  the  introduction  of  the  diphtheria  bacilli, 
completes  the  resemblance  of  the  experimental  disease  to  the  natural 
malady  in  man. 

Human  Inoculation  Experiments. — A  very  instructive  case  hap- 
pened in  our  laboratory^  some  years  ago.  One  of  the  investigators 
unintentionally  drew  a  quantity  of  a  bouillon  culture  of  a  virulent 
diphtheria  bacillus  into  the  throat,  and  two  days  later  characteristic 
diphtheria  of  a  serious  type  developed.  Similar  accidents  have  hap- 
pened in  two  other  laboratories.  In  view  of  known  facts,  we  are  now 
justified  in  saying  that  the  name  diphtheria  should  be  applied,  and 
exclusively  applied,  to  that  acute  infectious  disease  usually  asso- 
ciated with  pseudomembranous  affection  of  the  mucous  membranes 
which  is  primarily  caused  by  this  bacillus. 

Diphtheria  Toxin. — It  is  evident  that  a  micro-organism  which, 
when  injected  subcutaneously,  destroys  the  life  of  susceptible  animals 
and  produces  such  marked  histological  changes  in  the  internal  or- 
gans, while  it  is  found  only  at*  or  near  the  point  of  inoculation,  must 
owe  its  pathogenic  power  to  the  formation  of  a  poison  which,  being 
absorbed,  gives  rise  to  toxaemia  and  death.  This  poison  or  toxin  has 
been  partially  isolated  by  Roux  and  Yersin,  and  others,  by  filtration 
through  porous  porcelain  from  cultures  of  the  living  bacilli.  It  has 
not  yet  been  successfully  analyzed,  so  that  its  chemical  composition 
is  imknown,  but  it  has  many  of  the  properties  of  proteid  substances, 
and  can  well  be  designated  by  the  term  active  proteid.  The  poison 
produced  is  probably  composed  of  a  mixture  of  several  nearly  related 
toxins.  Diphtheria  toxin  is  totally  destroyed  by  boiling  for  five 
minutes,  and  loses  some  95  per  cent,  of  its  strength  when  exposed  to 
75°  C.  for  the  same  time;  73°  C.  destroys  only  about  85  per  cent. 
and  60°  very  little.  Lower  temperatures  only  alter  it  very  gradu- 
ally. Kept  cool  and  from  light  and  air  it  deteriorates  very  slowly. 
Freezing  injures  it. 

The  virulence  of  diphtheria  bacilli  from  different  sources,  as  meas- 
ured by  their  toxin  production  in  bouillon,  varies  enormously,  but  in 
ascitic  fluid  it  is  more  alike.  Thus  0.002  c.c.  of  a  forty-hour  bouillon 
culture  of  one  bacillus  will  kill  a  guinea-pig,  which  it  would  require 
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1  C.C.  of  the  culture  of  another  bacillus  to  kill.  This  difference  fre- 
quently depends  on  the  unequal  growth  of  the  bacilli,  one  culture 
having  fifty  times  as  many  bacilli  as  the  other.  The  same  marked 
variation  probably  occurs  in  the  amount  of  toxin  produced  by  differ- 
ent bacilli  in  their  growth  in  the  body.  Moreover,  the  diphtheria 
bacilli  differ  greatly  in  the  tenacity  with  which  they  retain  their  viru- 
lence when  grown  outside  the  body.  The  bacillus  that  we  have  used 
in  the  laboratory  of  the  Board  of  Health  has  retained  its  virulence 
almost  unaltered  for  twelve  years  in  bouillon  cultures.  Other 
bacilli  have  lost  50  per  cent  of  their  virulence  after  being  kept  only 
a  few  months.  The  passage  of  diphtheria  bacilli  through  the  bodies 
of  susceptible  animals  does  not  increase  their  toxin  production  to  any 
considerable  extent. 

The  Production  of  Toxin  in  Culture  Media.— The  artificial  pro- 
duction of  toxin  cultures  of  the  diphtheria  bacillus  has  been  found  to 
depend  upon  definite  conditions,  which  are  of  practical  importance  in 
obtaining  toxin  for  the  inoculation  of  horses,  and  also  of  theoretic 
interest  in  explaining  why  cases  of  apparently  equal  local  severity 
have  such  different  degrees  of  toxic  absorption.  The  researches  of 
Roux  and  Yersin  laid  the  foundation  of  our  knowledge.  Their  in- 
vestigations have  been  continued  by  Theobald  Smith,  Spronck,  our- 
selves, and  others.  After  an  extensive  series  of  investigations  we 
(Park  and  Williams)  came  to  the  following  conclusions:  Toxin  is 
produced  by  fully  virulent  diphtheria  bacilli  at  all  times  during  their 
life  when  the  conditions  are  favorable.  Under  less  favorable  con- 
ditions some  bacilli  are  able  to  produce  toxin  while  otiiers  are  not; 
or  it  may  be  that  some  conditions  favor  some  bacilli  while  they  are 
deleterious  to  others.  Diphtheria  bacilli  may  find  conditions  suit- 
able for  luxuriant  growth,  but  unsuitable  for  tihe  production  of  toxin. 
The  requisite  conditions  for  good  development  of  toxin,  as  judged 
by  the  behavior  of  a  number  of  cultures,  are  a  temperature  from  about 
32°  to  36°  C,  a  suitable  culture  medium,  such  as  a  2  per  cent, 
peptone  nutrient  bouillon  of  an  alkalinity  which  should  be  about 
9  c.c.  of  normal  soda  solution  per  litre  above  the  neutral  point  to 
litmus,  and  prepared  from  a  suitable  peptone  (Witte)  and  meat. 
The  culture  fluid  should  be  in  comparatively  thin  layers  and  in  large- 
necked  Erlenmeyer  flasks,  so  as  to  allow  of  a  free  access  of  air.  The 
greatest  accumulation  of  toxin  in  bouillon  is  after  a  duration  of 
growth  of  the  culture  of  from  five  to  ten  days,  according  to  the  pe- 
culiarities of  the  culture  employed.  At  a  too  early  period  toxin  has 
not  sufficiently  accumulated;  at  a  too  late  period  it  has  begun  to 
degenerate.  In  our  experience  the  amount  of  muscle-sugar  present 
in  the  meat  makes  no  appreciable  difference  in  the  toxin  produced 
when  a  vigorously  growing  bacillus  is  used,  so  long  as  the  bouillon 
has  been  made  sufficiently  alkaline  to  prevent  the  acid  produced  by 
the  fermentation  of  the  sugar  from  producing  in  the  bouillon  an 
acidity  sufficient  to  inhibit  the  growth  of  the  bacilli.  If  the  sugar 
does  interfere  this  can  be  prevented  by  its  previous  destruction  through 
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the  fermentation  caused  by  the  growth  of  the  colon  bacilli.  After 
the  fermentation  0.1  per  cent,  of  glucose  should  be  added.  The 
colon  bacillus  fermentation  possibly  adds  some  slightly  deleterious 
substances  to  the  broth.  Besides  the  sugar  and  allied  bodies  in  the 
meat  there  are  other  substances  whose  nature  is  unknown,  which 
hinder  or  aid  a  full  growth  of  the  bacilli  or  production  of  toxin. 
This  is  true  of  bouillon  made  directly  from  fresh  meat,  fermented 
meat,  or  meat  extracts.  With  the  meat  as  we  obtain  it  in  New  York, 
we  get  better  results  with  unfermented  meat  than  with  fermented. 
In  Boston,  with  the  same  bacillus,  Smith  gets  more  toxin  from  the 
fermented  bouillon.  Instead  of  colon  bacilli,  yeast  may  be  added 
to  the  soaking  meat,  which  is  allowed  to  stand  at  about  25°  C.  We 
have  obtained  especially  good  results  with  veal  broth  made  from 
calves  two  to  four  weeks  old  (bob  veal). 

Under  the  best  conditions  we  can  devise,  toxin  begins  to  be  pro- 
duced by  bacilli  from  some  cultures  when  freshly  sown  in  bouillon 
some  time  during  the  first  twenty-four  hours;  from  other  cultures, 
for  reasons  not  well  understood,  not  for  from  two  to  four  days.  In 
neutral  bouillon  the  culture  fluid  frequently  becomes  slightiy  acid 
and  toxin  production  may  be  delayed  for  from  one  to  three  weeks. 
The  greatest  accumulation  of  toxin  is  on  the  fourth  day,  on  the 
average,  after  the  rapid  production  of  toxin  has  commenced.  After 
that  time  the  number  of  living  bacilli  rapidly  diminishes  in  the 
culture,  and  the  conditions  for  those  remaining  alive  are  not  suitable 
for  the  rapid  production  of  toxin.  'As  the  toxin  is  not  stable  at 
35°  C,  the  deterioration  taking  place  in  the  toxin  already  produced 
is  greater  than  the  amount  of  new  toxin  still  forming. 

Bacilli,  when  repeatedly  transplanted  from  bouillon  to  bouillon, 
gradually  come  to  grow  on  the  surface  only.  This  characteristic 
keeps  the  bacilli  in  contact  with  the  oxygen  and  seems  to  aid  in  the 
development  of  toxin. 

Virulence  of  Bacilli  in  Cases  of  Diphtheria.— From  the  severity 
of  an  isolated  case  the  virulence  of  the  bacilli  cannot  be  accurately 
determined.  The  most  virulent  bacillus  we  have  ever  found  was 
obtained  from  a  mild  case  of  diphtheria  simulating  tonsillitis. 
Another  case,  however,  infected  by  tlie  bacillus  proved  to  be  very 
severe.  In  localized  epidemics  the  average  severity  of  the  cases 
probably  indicates  roughly  the  virulence  of  the  bacillus  causing  the 
infection,  as  here  the  individual  susceptibility  of  tiie  different  per- 
sons infected  would,  in  all  likelihood,  when  taken  together,  be  similar 
to  that  of  other  groups;  but  even  in  this  instance  special  con- 
ditions of  climate,  food,  or  race  may  influence  certain  localities. 
Moreover,  the  bacteria  associated  with  the  diphtheria  bacilli,  and 
which  are  liable  to  be  transmitted  with  them,  may  influence  the 
severity  of  and  the  complications  arising  in  the  cases.  It  must  be 
remembered  that  bacilli  of  like  toxic  power  may  differ  in  their  lia- 
bility to  infect  the  mucous  membrane.  Virulence  has  thus  two  dis- 
tinct meanings  when  used  in  connection  with  diphtheria  bacilli. 
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Virulent  Badlli  in  Healthy  Throats.^FuUy  virulent  bacilli  have 
frequently  been  found  in  healthy  throats  of  persons  vsrho  have  been 
brought  in  direct  contact  vsrith  diphtheria  patients  or  infected  cloth- 
ing without  contracting  the  disease.  It  is,  therefore,  apparent  that 
ilifection  in  diphtheria,  as  in  other  infectious  diseases,  requires  not 
only  the  presence  of  virulent  bacilli,  but  also  a  susceptibility  to  the 
disease  which  may  be  inherited  or  acquired.  Among  the  predis- 
posing influences  which  contribute  to  the  production  of  diphtheritic 
infection  may  be  mentioned  the  breathing  of  foul  air  and  living  in 
overcrowded  and  ill-ventilated  rooms,  poor  food,  certain  diseases, 
more  particularly  catarrhal  inflammations  of  the  mucous  mem- 
branes, and  depressing  conditions  generally.  Under  these  condi- 
tions an  infected  mucous  membrane  may  become  susceptible  to 
disease.  In  connection  with  Beebe  (1894)  I  made  an  examination 
of  the  throats  of  330  healthy  persons  who  had  not  come  in  contact, 
so  far  as  known,  with  dijditheria,  and  we  found  virulent  bacilli  in 
8,  only  2  of  whom  later  developed  the  disease.  In  24  of  the  330 
healthy  throats  non-virulent  bacilli  or  attenuated  forms  of  the  diph- 
theria bacillus  were  found.  Very  similar  observations  have  been 
made  by  others  in  many  widely  separated  countries. 

Persistence  of  Diphtheria  Bacflli  in  the  Throat. — The  continued 
presence  of  virulent  diphtheria  bacilli  in  the  throats  of  patients  who 
have  recovered  from  the  disease,  and  after  the  disappearance  of  the 
exudate,  has  been  repeatedly  demonstrated.  Beebe  and  I  found  that 
in  304  of  605  consecutive  cases  the  bacilli  disappeared  within  three 
days  after  the  disappearance  of  the  pseudomembrane ;  in  176  cases 
they  persisted  for  seven  days,  in  64  cases  for  twelve  days,  in  36  cases 
for  fifteen  days,  in  12  cases  for  three  weeks,  in  4  cases  for  four  weeks, 
and  in  2  cases  for  nine  weeks.  Since  then  I  have  met  with  a  case  in 
which  they  persisted  with  full  virulence  for  eight  months.  Later 
figures  agree  substantially  with  these. 

Diphtheria-like  Bacilli  Not  Producing  Diphtheria  Toxin.— In  the 
tests  of  the  bacilli  obtained  from  hundreds  of  cases  of  suspected  diph- 
theria which  have  been  carried  out  during  the  past  ten  years  in  the 
laboratories  of  the  Health  Department  of  New  York  City,  in  over 
95  per  cent  of  cases  the  bacilli  derived  from  exudates  or  pseudo- 
membranes  and  possessing  the  characteristics  of  the  Loeffler  bacilli 
have  been  found  to  be  virulent,  that  is,  producers  of  diphtheria  toxin. 
But  there  are,  however,  in  inflamed  throats  as  well  as  in  healthy 
throats,  either  alone  or  associated  with  the  virulent  bacilli,  occasion- 
ally bacilli  which,  though  morphologically  and  in  their  behavior  on 
culture  media  identical  with  tiie  Klebs-Loeffler  bacillus,  are  yet  pro- 
ducers, at  least  in  artificial  culture  media  and  the  usual  test  animals, 
of  no  diphtheria  toxin.  Between  bacilli  which  produce  a  great  deal 
of  toxin  and  those  which  produce  none  we  find  a  few  minor  grades 
of  virulence.  We  believe,  therefore,  in  accordance  with  Roux  and 
Yersin  these  non-virulent  bacilli  should  be  considered  as  possibly 
attenuated  varieties  of  the  diphtheria  bacillus  which  have  lost  their 
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power  to  produce  diphtheria  toxin.  These  observers,  and  others  fol- 
lowing them,  have  shown  that  the  virulent  bacilli  can  be  artificially 
attenuated;  but  the  reverse  has  not  been  proven  that  bacilli  which 
produce  no  specific  toxin  have  later  been  found  to  develop  it.  In 
our  experience  some  cultures  hold  their  virulence  even  when  grown 
at  41°  C.  for  a  number  of  months,  while  others  lose  it  more  quickly. 
Diphtheria-like  bacilli  are  also  found  which  resemble  diphtheria 
bacilli  very  closely  except  in  toxin  production,  but  differ  in  one  or 
more  particulars.  Both  these  and  the  characteristic  non-virulent  ba- 
cilli are  found  occasionally  upon  all  the  mucous  membranes  both  when 
inflamed  and  when  apparently  normal.  From  varieties  of  this  sort 
having  been  found  in  a  number  of  cases  of  the  condition  known  as 
xerosis  oonjimctiva?,  these  bacilli  are  often  called  xerosis  bacilli. 
Under  this  name  different  observers  have  placed  bacilli  identical 
with  the  diphtheria  bacilli  and  others  differing  quite  markedly  from 
them. 

Bacilli  Virulent  to  Oninea-pigs  in  Spite  of  Producing  no  Diph- 
theria Toxin. — These  bacilli  are  obtained  fairly  frequently  from 
normal  or  slightly  inflamed  throats  and  may  be  only  slightly  patho- 
genic in  guinea-pigs,  or  they  may  kill,  as  we  have  found  in  a  number 
of  instances,  in  doses  of  2  to  5  c.c.  subcutaneously  or  intraperitone- 
ally  injected.  Animals  are  not  protected  by  diphtheria  antitoxin 
from  the  action  of  these  bacilli.  At  autopsy  the  bacilli  are  usually 
found  more  or  less  abundantly  in  the  blood  and  internal  organs.  The 
fact  that  large  injections  of  antitoxic  serum  hastens  the  death  of 
guinea-pigs  injected  with  these  bacilli,  has  given  rise  to  the  notion 
fiiat  injections  of  antitoxin  might  be  dangerous  in  persons  in  whose 
throats  these  bacilli  were  present,  either  as  saprophytes  or,  possibly, 
as  inciters  of  slight  disease.  It  is  not  the  antitoxin,  but  the  serum, 
which  in  large  doses  injures  the  vitality  of  the  guinea-pigs  and  so 
sli^tly  hastens  death.  Any  serum  has  the  effect  These  bacilli 
were  first  described  by  Davis^  from  our  laboratory  and  later  by 
Hamilton  in  1904.  In  our  judgment  they  present  no  reason  to 
avoid  giving  antitoxin  and  should  in  this  respect  be  considered  as 
the  streptococci  and  influenza  bacilli.  When  pathogenic  in  man 
they  are  usually  only  feebly  so. 

Psendodiphtheria  Bacilli. — Besides  the  typical  bacilli  which  pro- 
duce diphtheria  toxin  and  those'  which  do  not,  but  which,  so  far  as 
we  can  determine,  are  otherwise  identical  with  the  Loeffler  bacillus, 
there  are  other  bacilli  found  in  positions  similar  to  those  in  which 
diphtheria  bacilli  abound,  which,  though  resembling  these  organ- 
isms in  many  particulars,  yet  differ  from  them  as  a  class  in  others 
equally  important.  The  variety  most  prevalent  is  rather  short, 
plump,  and  more  uniform  in  size  and  shape  than  the  true  Loeffler 
bacillus  (Fig.  89).  On  blood-serum  their  colony  growth  is  very 
similar  to  that  of  the  diphtheria  bacilli.     The  great  majority  of  them 

*  Medical  News,  April  29,  1899. 
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in  any  culture  show  no  polar  granules  when  stained  by  the  Neisser 
method,  and  stain  evenly  throughout  with  the  alkaline  methylene- 
blue  solution.  They  do  not  produce  acid  by  the  fermentation  of 
glucose,  as  do  all  known  virulent  and  many  non-virulent  diphtheria 
bacilli;  therefore,  there  is  no  increase  in  acidity  in  the  bouillon  in 

which  they  are  grown  during  the  first 
Pxo.  80  twenty-four  hours  from  the  fermenta- 

tion of  the  meat-sugar  regularly  present. 
They  are  found  in  varying  abundance 
in  different  localities  in  New  York 
City,  in  about  1  per  cent,  of  the  nonnal 
throat  and  nasal  secretions,  and  seem  to 
have  now  at  least  no  connection  with 
diphtheria;  whether  they  were  origi- 
nally derived  from  diphtiieria  bacillus 
is  doubtful ;  they  certainly  seem  to  have 
no  connection  with  it  now.  They  never 
produce  diphtheria  toxin,  and  to  them 
Pseudodiphtheria  bacilli.  properly  has   been    applied   the   name 

pseudodiphtheria  bacilli.  In  bouillon 
they  grow,  as  a  rule,  less  luxuriantly  than  the  diphtheria  bacilli. 
Some  of  the  varieties  of  the  pseudodiphtheria  bacilli  are  as  long 
as  the  shorter  forms  of  the  virulent  bacilli.  When  these  are  found 
in  cultures  from  cases  of  suspected  diphtheria  they  may  lead  to  an 
incorrect  diagnosis.  The  Neisser  staining  method  is  of  value  here, 
but,  unfortunately,  the  absence  of  the  stained  bodies  in  smears  of 
mixed  cultures  is  not  a  sufficient  ground  to  exclude  the  possibility  of 
their  being  true  diphtheria  bacilli.  There  are  also  some  varieties 
which  resemble  the  short  pseudobacilli  in  form  and  staining,  but 
which  products  acid  in  glucose  bouillon.  These  bacilli  are  found 
occasionally  in  all  countries  where  search  has  been  made  for  them. 
It  may  be  added  here  that  no  facts  have  come  to  light  which  indi- 
cate that  bacilli  which  do  not  produce  diphtheria  toxin  in  animals 
ever  produce  it  in  man.  It  must  also  be  borne  in  mind,  however, 
that  such  proof  is  necessarily  very  difficult  to  obtain. 

Persistence  of  Varieties  of  the  Bacillus  Diphtherise  and  of  Diph- 
theria-like Bacilli. — The  fact  that  there  are  distinct  differences  be- 
tween strains  of  bacilli  producing  specific  diphtheria  toxins  which  are 
as  great  as  between  these  and  bacilli  producing  no  specific  toxins  has, 
we  think,  been  fully  established. 

But  that  such  varieties  are  true  sub-species  with  constant  charac- 
teristics, one  variety  not  changing  into  another  of  the  established 
forms,  has  not  been  generally  accepted.  On  the  contrary,  the  idea 
is  held  by  some  investigators  that  all  of  the  various  forms  of  diph- 
theria-like bacilli  are  the  result  of  more  or  less  transitory  variations 
of  the  same  species,  and  hence  that  the  virulent  forms  are  the  result 
of  a  rapid  adaptation  to  environment  and  consequent  pathogenesis 
of  the  non-virulent  forms,  both  typical  and  atypical. 
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This  question  of  the  relationship  of  the  specifically  virulent  diph- 
theria bacillus  to  non-virulent,  diphtheria-like  bacilli  has  been  dis- 
cussed since  1887.  It  is  certainly  theoretically  possible  that  the  non- 
vinilent  forms  have  been  derived  from  virulent  forms.  Whether  or 
not  this  is  true  is  an  interesting  problem  for  discussion,  but  has  little 
practical  importance.  On  the  other  hand  the  possibility  of  the  non- 
toxin  producing  forms  readily  assuming  power  to  produce  toxin  is 
of  the  greatest  importance,  and  if  true  would  cause  us  to  change  our 
present  methods  of  trying  to  prevent  the  spread  of  diphtheria. 

Until  1896  no  one  had  brought  forward  evidence  to  show  that  fully 
non-virulent  forms  could  be  made  virulent  In  this  year  Trump^ 
states  that  he  converted  a  non-virulent  acid-producing  bacillus  into 
one  capable  of  killing  guinea-pigs  with  all  the  symptoms  of  true  diph- 
theria, by  successive  passages  through  guinea-pigs  plus  a  non-fatal 
dose  of  diphtheria  toxin.  Hewlett  and  Knight^  state  (1897)  that 
they  changed  a  non-acid  pseudodiphtheria  bacillus  into  a  typical  viru- 
lent diphtheria  bacillus  by  culture  and  passage  through  guinea-pigs. 

Richmond  and  Salter^  (1898)  and  Salter*  (1899)  state  that  they 
have  changed  five  pseudodiphtheria  bacilli  into  typical  diphtheria 
bacilli  specifically  virulent  for  guinea-pigs  by  passage  through  a  num- 
ber of  goldfinches. 

Bergey*  was  not  able  to  give  virulence  to  non-virulent  forms,  neither 
did  he  find  that  these  latter  gave  immunity  against  the  former ;  for 
these  reasons  he  considers  them  distinct  members  of  a  large  group  of 
bacilli  at  the  head  of  which  stands  the  diphtheria  bacillus. 

In  the  work  of  Wesbrook,  Wilson,  and  McDaniel,®  oh  Varieties  of 
Bacillus  Diphtherias,  the  study  is  based  upon  the  morphology  of  the 
individual  bacillus  found  in  smears  of  throat  cultures  and  pure  cul- 
tures. They  give  as  a  reason  for  the  study  of  the  individual  bacillus 
that  in  "  pure  cultures  in  most  instances,  especially  where  they  have 
been  derived  from  typical  clinical  cases  of  diphtheria,  it  is  the  excep- 
tion to  get  even  a  moderate  degree  of  uniformity  in  the  general  shape, 
size,  staining  reactions,  etc,  of  the  individual  bacilli;  whilst  to  get 
complete  uniformity  is  not  to  be  hoped  for,"  and  therefore  each  cul- 
ture is  probably  a  mixture  of  several  varieties  having  been  derived 
from  several  parents.  This  seems  to  us  to  be  probably  an  erroneous 
conclusion.  They  make  a  provisional  classification  based  upon  the 
morjJiology  of  the  individual  bacilli,  into  three  groups,  called  granu- 
lar, barred,  and  solid,  two  of  the  groups  into  seven  types  and  the 
other  into  five,  two  of  the  types  corresponding  with  those  in  the  other 
groups  not  having  been  seen.  In  a  study  of  the  types  found  in  the 
smears  from  a  series  of  direct  cultures  derived  from  clinical  cases  of 
diphtheria  the  authors  state  that  there  is  g;enerally  a  sequence  of  types 

« Centralblatt  fiir  Bakt.,  etc.,  1896,  Band  xx.,  p.  721. 

•Trans,  of  the  Brit.  Inst,  of  Prev.  Med.,  1897,  Ist  series. 

•Guy's  Hospital  Reports,  1898. 

•  Trans,  of  the  Jenner  Inst,  of  Prev.  Med.,  1899. 

•Pub.  of  the  Univ.  of  Penn.,  1898,  new  series,  No.  4  (other  references). 

^  Tran9»(!):ion9  pf  tbe  Association  of  American  Physicians,  1900. 
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in  the  variations  which  appear  throughout  the  course  of  tiie  disease, 
the  granular  types,  as  a  rule,  predominating  at  the  outset  of  the 
disease,  and  these  giving  place  wholly  or  in  part  to  the  barred 
and  solid  types  shortly  before  the  disappearance  of  diphtheria-like 
organisms. 

The  inference  drawn  from  this  work  is  that  the  diphtheria  bacillus 
may  be  rather  easily,  especially  in  the  throat,  converted  into  non- 
granular, solidly  staining  forms  of  the  "  pseudodijditheria  "  type,  and 
that  the  converse  may  occur,  and  that  therefore  all  diphtheria-like 
bacilli  must  be  considered  a  possible  source  of  danger. 

Cobbett^  considers  the  pseudodiphtheria  bacillus  as  perfectly  in- 
nocuous to  man,  but  that  the  relation  between  the  pseudodiphtheria 
and  the  diphtheria  bacillus  remains  undecided.  He  did  not  meet 
with  bacilli  of  low  virulence.  He  foimd  a  few  non-virulent  and  the 
others  were  all  highly  virulent.  He  thinks  that  the  reason  why  the 
pseudodiphtheria  bacilli  appear  so  infrequently  during  the  acute  stage 
is  that  they  are  overlooked  then  because  one  discovers  the  virulent 
bacilli  so  easily  and  does  not  trouble  to  look  any  more,  and  they  are 
found  more  easily  later  because  the  diphtheria  bacilli  are  disappear- 
ing and  are  hard  to  find ;  consequently  a  long  and  careful  search  is 
made,  and  the  pseudodiphtheria  bacilli  are  seen  for  the  first  time. 

All  of  this  work  in  regard  to  the  relationship  of  the  different  diph- 
theria-like bacilli  to  the  true  diphtiieria  bacillus  may  be  summed  up 
and  tabulated  as  follows : 

statements  in  favor  of  the  helief  that  one  Statements  opposed  to  this  belief, 

form  may  he  changed  readilu  into 
another. 

1.  The  morphological  and  cultural  char-      The  morphological  and  cultural  charac- 

acteristics    of    all    diphtheria-like  teristics  of  varieties  have  many  points 

organisms  from  pseudo  to  typical  of  difference, 

virulent  forms  have  some  points  of 
resemblance. 

2.  Diphtheria     bacilli     possess     many      Intermediate    grades   of   virulence  are 

grades  of  virulence  from  the  fully  rare, 

virulent  to  the  non-virulent. 

3.  Non-virulent  bacilli,  both  typical  and      There  are   other  reasons  than  that  of 

non-typical,  have  been  found  more  change   of   one   form  to   another  to 

frequently     in     the     convalescing  account  for  this, 

stage    of    diphtheria    than    in    the 
acute  stage. 

4.  Non-virulent,    atypical    bacilli    have      Virulent    diphtheria    bacilli    have    also 

been    the    only    diphtheria-like    or-  been  frequently  found, 

ganisms  found  in  light  anginas. 

5.  A  sequence  of  forms  in  the  course  of      The  observation  is  correct  only  for  the 

diphtheria  and  in  successive  gener-  forms  in  the  original  mixed  cultures 

ations  of  pure  cultures,  from  gran-  and  is  due  to  the  effect  of  the  other 

ular  through  barred  to  solid  forms,  bacteria  on  the  development  of  the 

and    the    converse,    has    been    ob-  diphtheria    bacilli    or    because    both 

served.  varieties  were  present  at  the  start. 

6.  Solid  forms,  approaching  the  atyp-  Among  large  numbers  of  virulent  diph- 

ical  non-virulent  forms,  have  been  theria  no  cultures  have  been  found 

found  to  be  specifically  virulent.  which  developed  only  solid  varieties. 

7.  The  virulence  of  the  diphtheria  ba-      Artificial  decrease  of  virulence  of  the 

cillus  has  been  decreased  artificially  diphtheria     bacillus    has  ^  not     been 

with  a  change   in   form  and  cul-  accomplished     easily,     neither    have 

*  Journal  of  Hygiene,  1901. 
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tural  characters,  and  slightly  viru-  slightly    virulent    bacilli   been    made 

lent    diphtheria   bacilli   have   been  highly  virulent, 
made  more  virulent. 

8.  Non-virulent    atypical    bacilli    have,  Non-virulent    atypical     bacilli     experi- 

in  a  few  hands,  been  changed  to  mented  upon  by  most  observers  have 

typical,   specifically   virulent    diph-  retained  their  characteristics  on  vari- 

theria  bacilli.  ous    artificial    culture    media    under 

different   conditions  and   in   passage 

through  animals. 

9.  Virulent    typical    diphtheria    bacilli      Virulent   diphtheria  bacilli   usually  re- 

haye   been   apparently   changed   to  tain  their  characteristics  on  artificial 

solidly  staining,  non-virulent,  diph-  culture  media  under  different  condi- 

theria-like  bacilli.  tions. 

The  central  idea  in  the  statements  of  those  who  believe  that  diph- 
theria-like bacilli  are  simply  transitory  variations  of  the  species 
Bacillus  diphtherice  is  that  both  tiie  diphtheria  bacillus  and  those 
bacilli  which  resemble  it  have  many  unstable  properties,  their  form, 
their  cultural  characteristics,  their  pathogenicity  all  varying  within 
a  wide  limits  so  that  one  form  may  assume  readily  the  properties 
of  another  form. 

The  separatists,  on  the  other  hand,  have  found  that  certain  forms 
possess  such  stable  properties  that  one  is  not  converted  into  another, 
and  hence  they  regard  them  as  distinct  species. 

In  order  to  make  a  thorough  test  of  this  whole  matter  Williams* 
undertook  a  careful  investigation  of  the  subject 

An  outline  of  the  work  attempted  shows  the  thoroughness  of  the 
tests : 

1.  A  study  of  the  diphtheria  and  diphtheria-like  bacilli  found  in  a 
series  of  clinically  typical  diphtherias  at  the  Hospital  for  Contagious 
Diseases. 

(a)   Serial  smears  of  cultures  directly  from  throats  and  noses. 
(6)   Pure  cultures  isolated  from  these  cultures. 

2.  A  study  of  the  diphtheria  and  diphtheria-like  bacilli  found  in 
healthy  and  diseased  throats  in  a  town  during  an  epidemic  of  diph- 
theria. 

(a)   Smears  of  cultures  directly  from  throats. 
(6)   Pure  cultures  isolated  from  these  cultures. 

3.  A  study  of  diphtheria  and  diphtheria-like  bacilli  found  in  sore 
throats  during  an  epidemic  of  diphtheria  at  a  home  for  destitute 
children. 

(a)  Pure  cultures. 

4.  A  study  of  pure  cultures  of  diphtheria  and  diphtheria-like  ba- 
cilli from  sources  other  than  those  given  above. 

(a)  On  various  artificial  culture  media  grown  under  various  con- 
ditions. 

(6)   In  living  tissues  of  guinea-pigs,  white  rats,  and  goldfinches, 
f  c)   In  symbiosis  with  other  bacteria. 

The  conclusions  reached  were  as  follows:  Though  some  cultures 
change  on  some  of  the  media,  each  changes  in  its  own  way,  and  each 
culture  still  has  its  distinct  individuality.     After  many  culture  gen- 
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erations,  especially  when  transplanted  at  short  intervals,  the  diflferent 
varieties  tend  to  approach  each  other  or  rather  to  run  in  lines  parallel 
with  a  common  norm,  which  seems  to  be  a  medium-sized,  non-seg- 
mented bacillus  producing  granules  in  early  cultures  on  serum  and 
growing  well  on  all  of  the  ordinary  culture  media.  The  non-virulent 
morphologically  typical  bacilli  must  be  classed  with  the  virulent  varie- 
ties, as  one  species,  though  there  is  little  doubt  that  more  minute  study 
would  show  distinct  species  in  this  group.  The  atypical  pseudo 
forms,  however,  which  show  no  tendency  to  approach  the  norm  of 
the  typical  forms,  must  be  classed  as  distinct  species.  All  of  the 
pseudo  and  non-virulent  morphologically  typical  varieties  when  inocu- 
lated into  the  peritoneum  of  guinea-pigs  in  immense  doses  cause 
death.  Attempts  have  been  made  to  give  more  virulence  to  some  of 
these  varieties  by  successive  peritoneal  inoculations,  but  in  no  in- 
stance has  any  increase  of  virulence  or  decided  change  in  morpholog- 
ical or  cultural  characteristics  been  noted.  Two  of  the  non-virulent, 
morphologically  typical  varieties  have  also  been  grown  in  symbiosis 
with  virulent  streptococci  in  broth  for  ninety  culture  generations 
transplanted  every  three  to  four  days,  but  when  separated  no  change 
in  virulence  or  other  characteristics  was  noted.  Two  other  varieties 
of  non-virulent  morphologically  typical  bacilli  have  been  inoculated 
into  goldfinches  with  no  result  In  large  doses  they  appear  to  be  per- 
fectly innocuous  to  these  birds  as  well  as  do  four  varieties  of  pseudo- 
bacilli,  contrary  to  the  results  of  Richmond  and  Salter. 

Since  there  are  so  many  different  forms  or  varieties  of  diphtheria- 
like bacilli,  it  is  quite  possible  that  some  of  them  are  derived  from 
strains  of  the  diphtheria  bacillus  and  that  under  certain  conditions 
they  readily  regain  its  characteristics.  This  seems  to  be  the  only  way 
to  explain  the  apparent  discrepancies  in  the  results  obtained  by  dif- 
ferent observers.  Such  closely  related  varieties,  however,  do  not 
appear  to  be  common  in  New  York  City  at  the  present  time.  So  we 
may  safely  say  that  in  this  region  at  least  non-vinilent  diphtheria- 
like organisms  retain  their  characteristics  under  various  artificial  and 
natural  conditions,  and  that  they  may  be  regarded  from  a  public 
health  standpoint  as  harmless.  These  studies  seem  to  demonstrate 
that  the  morphologically  typical  diphtheria  bacillus  is  a  distinct  spe- 
cies from  the  atypical  diphtheria-like  bacilli  and  so-called  pseudo 
forms,  and  that  it  has  many  true  morphological  varieties  or  sub- 
species which,  while  showing  transitory  ontogenic  variations  due  to 
change  in  environment  and  life  habit,  have  more  or  less  persistent 
phylogenic  characteristics  which  reappear  when  the  organism  is  placed 
in  a  previous  environment. 

Transmission  of  Diphtheria. — The  possibility  of  the  transmission 
of  diphtheria  from  animals  to  man  cannot  be  disputed ;  we  have  met 
with  two  instances  where  cats  had  malignant  diphtheria,  and  many 
other  animals  can  be  infected,  but  there  are  no  authentic  cases  of 
such  transmission  on  record.  So-called  diphtheritic  disease  in  ani- 
mals and  birds  is  usually,  if  not  always,  due  to  other  microorganisms 
than  the  diphtheria  bacilli. 
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Let  us  consider  some  of  the  means  by  which  the  bacilli  may  be 
communicated.  In  actual  experiment  the  bacilli  have  been  observed 
to  remain  virulent  in  bits  of  dried  membrane  for  twenty  weeks. 
Dried  on  silk  threads  Abel  reports  that  they  may  sometimes  live  one 
hundred  and  seventy-two  days,  and  upon  a  child's  playtiiing  which 
had  been  kept  in  a  dark  place  they  lived  for  five  months.  The  viru- 
lent bacilli  have  been  found  on  soiled  bedding  or  clothing  of  a  diph- 
theria patient,  or  drinking-cups,  candy,  shoes,  hair,  slate-pencils,  etc. 
Besides  these  sources  of  infection  by  which  the  disease  may  be  indi- 
rectly transmitted,  virulent  bacilli  may  be  directly  received  from  the 
pseudomembrane,  exudate,  or  discharges  of  diphtheria  patients ;  from 
the  secretions  of  the  nose  and  throat  of  convalescent  cases  of  diph- 
theria in  which  the  virulent  bacilli  persist;  and  from  the  healthy 
throats  of  individuals  who  acquired  the  bacilli  from  being  in  contact 
with  others  having  virulent  germs  on  their  persons  or  clothing.  In 
such  cases  the  bacilli  may  sometimes  live  and  develop  for  days  or 
weeks  in  the  throat  without  causing  any  lesion.  When  we  consider 
that  it  is  only  the  severe  types  of  diphtheria  that  remain  isolated  dur- 
ing their  actual  illness,  the  wonder  is  not  that  so  many,  but  that  so 
few,  persons  contract  the  disease.  It  indicates  that  very  frequently 
virulent  bacilli  are  received  into  the  mouth,  and  then  either  find  no 
condition  there  suitable  for  their  growth  or  are  swept  away  by  food 
or  drink  before  they  can  effect  a  lodgment. 

Susceptibility  to  and  Immtmity  against  Diphtheria. — An  individ- 
ual susceptibility,  both  general  and  local,  to  diphtheria,  as  in  all 
infectious  diseases,  is  necessary  to  contract  the  disease.  Age  has  long 
been  recognized  to  be  an  important  factor  in  diphtheria.  Children 
within  the  first  six  months  of  life  are  but  little  susceptible,  the  great- 
est degree  of  susceptibility  being  between  the  third  and  the  tenth  year. 
After  that  age  susceptibility  decreases.  Young  animals  born  of  im- 
mune mothers  possess  considerable  immunity.  This  may  explain  the 
few  cases  of  infection  in  early  life. 

As  the  result  of  animal  experiments,  it  is  now  known  that  an  arti- 
ficial immunity  against  diphtheria  can  be  produced,  at  least  for  a 
considerable  length  of  time,  by  the  development  of  substances  directly 
antidotal  to  the  diphtheria  toxin.  By  the  inoculation  of  virulent  or 
somewhat  attenuated  cultures  or  of  dip>htheria  toxin,  Fraenkel,  Behr- 
ing,  Wernicke,  Aronson,  Koux,  and  since  then  many  others,  have  suc- 
ceeded in  immunizing  animals ;  but  the  most  important  and  valuable 
results  are  those  which  have  been  obtained  by  Behring,  in  conjunction 
with  others,  who  showed  that  the  blood  of  immune  animals  contains 
a  substance  which  neutralizes  the  diphtheria  toxin.  The  blood  serum 
of  persons  who  have  recovered  from  diphtheria  has  been  found  also 
to  possess  this  protective  property,  which  it  acquires  about  a  week 
after  the  beginning  of  the  disease,  and  loses  again  in  a  few  weeks  or 
months.  Moreover,  the  blood  serum  of  many  individuals,  usually 
adults,  who  have  never  had  diphtheria  often  has  a  slight  general  anti- 
toxic property. 
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Neutralizing  Gharacteristics  of  Antitoxin. — Diphtheria  antitoxin 
has  the  power  of  neutralizing  diphtheria  toxin,  so  that  when  a  certain 
amount  is  injected  into  an  animal  before  or  together  with  the  toxin 
it  overcomes  its  poisonous  action.  The  facts  in  favor  of  a  direct 
action  of  antitoxins  upon  their  corresponding  toxins  have  recently 
been  briefly  summarized  by  Cobbett  as  follows : 

1.  Certain  reactions  have  been  observed  to  take  place  between  these 
substances  outside  the  animal  body  (venom,  ricin,  crotin,  tetanus 
toxin,  diphtheria  toxin,  and  their  corresponding  antitoxins). 

2.  Various  attempts  to  separate  the  toxins  and  antitoxins  from 
neutral  mixtures  have  been  failures.  Partial  successes  have,  at  least 
in  some  instances,  been  shown  to  depend  upon  the  fact  that  insufficient 
time  for  their  complete  union  was  allowed,  separation  being  no  longer 
possible  if  this  were  granted. 

3.  The  accuracy  of  the  titration  of  toxins  and  antitoxins  to  within 
1  per  cent  of  error. 

4.  Neutralization  takes  place  according  to  the  law  of  multiple  pro- 
portions, i.  e.,  to  save  an  animal  from  1000  fatal  doses  of  diphtheria 
toxin  requires  little  more  than  a  hundred  times  as  much  antitoxin  as 
is  required  for  ten  fatal  doses,  the  resistance  of  the  animal  itself 
accounting  for  the  difference. 

Production  of  Diphtheria  Antitoxin  for  Therapeutic  Purposes. — 
As  a  result  of  the  work  of  years  in  the  laboratories  of  the  Health 
Department  of  New  York  City,  the  following  may  be  laid  down  as 
a  practical  method : 

A  strong  diphtheria  toxin  should  be  obtained  by  taking  a  very 
virulent  culture  and  growing  it  in  broth  under  the  conditions  de- 
scribed on  page  202.  The  culture,  after  a  week's  growth,  is  re- 
moved, and  having  been  tested  for  purity  by  microscopic  and  culture 
tests  is  rendered  sterile  by  the  addition  of  10  per  cent^  of  a  5  per 
cent  solution  of  carbolic  acid.  After  forty-eight  hours  the  dead  ba- 
cilli have  settled  on  the  bottom  of  the  jar  and  the  clear  fluid  above  is 
syphoned  off  or  it  is  filtered  through  ordinary  sterile  filter  paper  and 
stored  in  full  bottles  in  a  cold  place  until  needed.  Its  strength  is 
then  tested  by  giving  a  series  of  guinea-pigs  carefully  measured 
amounts.  Less  than  0.005  cc.y  when  injected  hypodermically,  should 
kill  a  250-gram  guinea-pig. 

The  horses  used  should  be  young,  vigorous,  of  fair  size,  and  abso- 
lutely healthy.  The  horses  are  severally  injected  with  an  amount  of 
toxin  sufficient  to  kill  five  thousand  guinea-pigs  of  250  grams'  weight 
(about  20  c.c.  of  strong  toxin).  After  from  three  to  five  days,  so 
soon  as  the  fever  reaction  has  subsided,  a  second  subcutaneous  injec- 
tion of  a  slightly  larger  dose  is  given.  With  the  first  three  injections 
of  toxin  100  units  of  antitoxin  are  given.  If  antitoxin  is  not 
mixed  with  the  first  doses  of  toxin  only  one-fiftieth  of  the  doses  advised 
is  to  be  given.  At  intervals  of  from  five  to  eight  days  increasing 
injections  of  pure  toxin  are  made,  until  at  the  end  of  two  months 
from  ten  to  twenty  times  the  original  amount  is  given.     There  is  abso- 
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lutely  no  way  of  judging  which  horses  will  produce  the  highest  grades 
of  antitoxin.  Very  roughly,  those  horses  which  are  extremely  sensi- 
tive and  those  which  react  hardly  at  all  are  the  poorest,  but  even  here 
there  are  exceptions.  The  only  way,  therefore,  is  at  the  end  of  six 
weeks  or  two  months  to  bleed  the  horses  and  test  their  serum.  If 
only  high-grade  s^rum  is  wanted  all  horses  that  give  less  than  150 
units  per  c.c.  are  discarded.  If  moderate  grades  only  are  desired, 
all  that  yield  100  imits  may  be  retained.  The  retained  horses  re- 
ceive steadily  increasing  doses,  the  rapidity  of  the  increase  and  the 
interval  of  time  between  the  doses  (three  days  to  one  week)  depend- 
ing somewhat  on  the  reaction  following  the  injection,  an  elevation  of 
temperature  of  more  than  3°  F.  being  undesirable.  At  the  end  of 
three  months  the  antitoxic  serum  of  all  the  horses  should  contain 
over  300  units,  and  in  about  10  per  cent,  as  much  as  800  units  in 
each  cubic  centimetre.  Not  more  than  1  per  cent,  give  above  1000 
units,  and  none  so  far  has  given  as  much  as  2000  units  per  c.c.  The 
very  best  horses  if  pushed  to  their  limit  continue  to  furnish  blood 
containing  the  maximum  amount  of  antitoxin  for  several  months,  and 
then,  in  spite  of  increasing  injections  of  toxin,  begin  to  furnish  blood 
of  gradually  decreasing  strength.  If  every  nine  months  an  interval 
of  three  months'  freedom  from  inoculations  is  given,  the  best  horses 
furnish  high-grade  serum  during  their  periods  of  treatment  for  from 
two  to  four  years. 

In  order  to  obtain  the  serum  the  blood  is  withdrawn  from  the  jugu- 
lar vein  by  means  of  a  sharp-pointed  cannula,  which  is  plunged 
through  the  vein  wall,  a  slit  having  been  made  in  the  skin.  The 
blood  is  carried  by  a  sterile  rubber  tube  into  large  Erlenmeyer  flasks, 
held  slanted  or  into  cylindrical  jars,  and  allowed  to  clot.  The  serum 
is  drawn  off  after  four  days  by  means  of  sterile  glass  and  rubber 
tubing,  and  is  stored  in  large  flasks.  Instead  of  this  process  when 
the  globulins  are  to  be  separated  the  blood  may  be  added  directly  to 
one  tenth  of  its  volume  of  a  10  per  cent,  solution  of  sodium  citrate. 
This  prevents  clotting  of  the  blood.  With  the  serum  or  globulin 
solution,  small  jJiials  are  filled.  The  phials  and  their  stoppers,  as 
indeed  all  the  utensils  used  for  holding  tiie  serum,  must  be  absolutely 
sterile,  and  every  possible  precaution  must  be  taken  to  avoid  contami- 
nation. An  antiseptic  may  be  added  to  the  serum  as  a  preservative, 
but  it  is  not  necessary  except  when  the  serum  is  to  be  sent  to  great 
distances,  where  it  cannot  be  kept  imder  supervision. 

Kept  from  access  of  air  and  light  and  in  a  cold  place  it  is  fairly 
stable,  deteriorating  not  more  than  40  per  cent.,  and  often  much  less, 
within  a  year.  Diphtheria  antitoxin,  when  stored  in  phials  and  kept 
under  the  above  conditions,  contains  within  10  per  cent,  of  its  orig- 
inal strength  for  at  least  two  months;  after  that  it  can  be  used  by 
allowing  for  a  maximum  deterioration  of  3  per  cent  for  each  month. 
The  antitoxin  in  old  serum  is  just  as  effective  as  in  that  freshly 
bottled,  only  there  is  less  of  it.  The  serum  itself  is  less  apt  to  pro- 
duce rashes.  Almost  all  producers  put  more  units  in  the  phials  than 
the  label  calls  for,  so  as  to  allow  for  gradual  loss  of  strength. 
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The  nature  of  diphtheria  antitoxin  has  until  recently  been  known 
almost  wholly  from  its  physiological  properties.  Experiments  have 
seemed  to  show  that  it  was  either  closely  bound  to  the  serum  globulins 
or  was  itself  a  substance  of  proteid  nature  closely  allied  to  serum 
globulin.  A  fact  developed  by  Atkinson  is  that  the  globulins  increase 
markedly  in  the  serimi  of  horses  as  the  antitoxin  strength  increases. 
It  seems  possible  from  the  above  that  diphtheria  antitoxin  has  the 
characteristics  of  the  serum  globulins.  Antitoxin  is  destroyed  by 
prolonged  moderate  heat  (60°  C.)  and  by  short  exposure  to  higher 
temperatures  (95°  to  100°  C).  It  is  less  sensitive  than  diphtheria 
toxin.  Atkinson,  when  assistant  chemist  in  our  laboratory,  found 
that  in  the  case  of  antitoxic  serum  the  globulin  precipitate  carries 
with  it  all  of  the  antitoxic  power  of  the  serum,  leaving  the  filtrate 
without  any  neutralizing  power  against  the  diphtheria  toxin.  In- 
dependently of  Atkinson,  Pick  obtained  similar  results.  These  ex- 
periments were  continued  later  by  Gibson  and  Banzhaf  and  they 
proved  that  the  globulins  which  were  insoluble  in  saturated  sodium 
chlorid  solution  carried  with  them  no  antitoxin.  With  this  knowl- 
edge a  practical  method  of  eliminating  much  of  the  non-antitoxic 
portion  of  the  serum  was  perfected. 

Testing  of  Antitoxin. — This  power,  possessed  by  a  definite  quan- 
tity of  antitoxin  to  neutralize  a  certain  amount  of  toxin,  is  utilized  in 
testing  antitoxin.  Guinea-pigs  of  about  250  grams'  weight  are  sub- 
cutaneously  injected  with  one  hundred  or  with  ten  fatal  doses  of  a 
standardized  toxin,  which  have  been  previously  mixed  with  an  amount 
of  antitoxin  believed  to  be  sufficient  to  protect  from  the  toxin.  If  the 
guinea-pig  lives  four  days,  but  dies  soon  after,  the  amount  of  anti- 
toxin added  to  the  one  hundred  fatal  doses  of  toxin  was  just  1  unit 
If  the  guinea-pig  dies  earlier,  less  than  1  unit  was  added. 

Technical  Points  upon  the  Testing  of  Diphtheria  Antitoxin  and 
the  Relations  between  the  Toxicity  and  Neutralizing  Value  of  Diph- 
theria Toxin.  — During  the  earlier  investigations  the  filtered  or  steril- 
ized bouillon,  in  which  the  diphtheria  bacillus  had  grown  and  pro- 
duced its  "  toxin,"  was  supposed  to  require  for  its  neutralization  an 
amount  of  antitoxin  directly  proportional  to  its  toxicity  as  tested  in 
guinea-pigs.  Thus,  if  from  one  bouillon  culture  ten  fatal  doses  of 
"  toxin  ''  were  required  to  neutralize  a  certain  quantity  of  antitoxin, 
it  was  believed  that  ten  fatal  doses  from  every  culture,  without  regard 
to  the  way  in  which  it  had  been  produced  or  preserved,  would  also 
neutralize  the  same  amount  of  antitoxin.  Upon  this  belief  was 
founded  the  Behring-Ehrlich  definition  of  an  antitoxin  utiit. 

The  results  of  tests  by  diflferent  experimenters  with  the  same  anti- 
toxic serum,  but  with  different  diphtheria  toxins,  proved  this  opinion 
to  be  incorrect,  Ehrlich^  deserves  the  credit  for  first  clearly  perceiv- 
ing and  publishing  this.  He  obtained  from  various  sources  twelve 
toxins  and  compared  their  neutralizing  value  upon  antitoxin;  these 

*Die  Wertbemessung  des  Diphtherieheilsenims  und  deren  tbeoretiscbe  Gnind- 
lagen.     Klinisches  Jahrbuch,  1897. 
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tests  gave  most  interesting  and  important  information.  The  results 
in  four  toxins,  which  are  representative  of  the  twelve,  are  as  shown 
in  the  following  tahle : 


Toxin 
specimen 

number 

of 
Ehrlich. 

Estimated 
**minimar* 
fatal  dose 
for25a-gm. 
gnlnea- 
plgs. 

Smallest  number  of 
fatal  doses  of  toxic 
bouillon  required  to 
kill  a  250-ffm.  guinea- 
pig  within  5  days, 
when  mixed  with  one 
antitoxin  unit. 
••  L  ^  EhrUch." 

Fatal  doses  required 

to  "  completely 
neutralixe  one  anti- 
toxin unit  '*  as  de- 
termined by  the 
health  of  the  guinea- 
pig  remaining  unaf- 
fected "  L,"  Ehrlich. 

L+-Lo 
=>fatal 
doses. 

Data  upon  ••  toxin ' 

specimen  given 

by  EhrUch. 

4 

9 
12 

0.009 

0.0165 

0.039 

0.0025 

89.4 
76.3 
•            123 

100 

33.4 
54.4 
108 

50 

6 
22 
15 

60 

Old,  deteriorated 
from  0.008  to  0.009. 

Fresh  toxin.preserv- 
ed  with  tricresol. 

A  number  of  fresh 
cultures  grown  at 
87°  a  4  and  8  days. 

Tested  immediately 

after  its  withdrawal. 

From  the  facts  set  forth  in  the  table,  Ehrlich  believed  that  the 
diphtheria  bacilli  in  their  growth  produce  a  toxin  which,  so  long  as 
it  remains  chemically  unaltered,  has  a  definite  poisonous  strength 
with  a  definite  value  in  neutralizing  antitoxin.  The  toxin  is,  how- 
ever, an  unstable  compound,  and  begins  to  change  almost  immediately 
into  substances  which  are  not,  at  least  acutely,  poisonous,  but  which 
retain  their  power  to  neutralize  antitoxin. 

The  results  of  some  experiments  of  Atkinson  and  myself^  were 
fully  in  accord  with  those  published  by  Ehrlich  as  to  the  varying 
neutralizing  value  of  a  minimal  fatal  dose  of  "  toxin  " ;  they,  how- 
ever, also  indicate  roughly  a  general  law  in  accordance  with  which 
these  changes  occur. 

The  neutralizing  value  of  a  fatal  dose  of  toxin  is  at  its  lowest  in 
the  culture  fluid  when  the  first  considerable  amounts  of  toxin  have 
been  produced.  After  a  short  period,  during  which  the  quantity  of 
toxin  in  the  fluid  is  increasing,  the  neutralizing  value  of  the  fatal 
dose  begins  to  increase,  at  first  rapidly,  then  more  slowly. 

While  the  culture  is  still  in  vigorous  growth  and  new  toxin  is  being 
produced,  the  neutralizing  value  of  the  fatal  dose  fluctuates  some- 
what, but  with  a  generally  upward  tendency.  After  the  cessation 
of  toxin  production  the  neutralizing  value  of  the  fatal  dose  increases 
steadily  until  it  becomes  five  to  ten  times  its  original  amount 

In  our  experiments  the  greatest  value  for  L+  was  126,  the  least  27. 
As  at  six  hours  L+  was  only  72  and  at  twenty-eight  hours  only  91,  we 
doubt  whether  L+  ever  reaches  above  150.^  When  we  seek  to  analyze 
the  above-described  process  we  find  certain  facts  which  seem  partly 
to  explain  it. 

In  the  fluid  holding  the  living  bacilli  we  have,  after  the  first  few 
hours  of  toxin  formation,  a  double  process  going  on — one  of  deteri- 

*  Journal  of  Experimental  Medicine,  vol.  iii.,  No.  4. 

•  L+  =  fatal  doses  of  toxin  required  to  kill  a  guinea-pig  in  four  days  after  hav- 
ing been  mixed  with  one  unit  of  antitoxin. 

Ijo  =  fatal  doses  of  toxin  required  to  fully  neutralize  one  unit  of  antitoxin. 
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oration  in  the  toxin  already  accumulated,  which  tends  to  increase  the 
neutralizing  value  of  the  fatal  dose ;  the  other  of  new  toxin  formation, 
which  probably  tends  to  diminish  the  neutralizing  value.  The  chem- 
ical changes  produced  by  the  growth  of  the  bacilli  in  the  bouillon  tend 
to  aid  one  or  the  other  of  these  processes,  and  so  to  make,  from  hour 
to  hour,  slight  changes  in  the  value  of  the  fatal  dose.  Later,  with 
the  period  of  cessation  of  toxin  production,  the  gradual  deterioration 
of  the  toxicity  alone  continues,  and  the  fatal  dose  gradually  and  stead- 
ily increases  in  its  neutralizing  value.  We  believed  that  two  types 
of  toxin  were  produced  by  the  bacilli. 

With  greater  information  Ehrlich  has  had  to  modify  greatly  the 
details  of  his  earliest  explanation  of  the  reason  of  the  variation  in  the 
ratio  between  toxicity  and  neutralizing  value  of  toxin.  He  now  ac- 
cepts the  fact  that  diphtheria  culture  fluid  contains  at  least  two 
toxins  which  differ  in  their  characteristics. 

Use  of  Antitoxin  in  Treatment  and  Immunization. — The  antitoxin 
in  the  higher  grades  is  identical  with  that  in  the  lower  grades ;  there 
is  simply  more  of  it  in  eadi  drop  of  the  serum.  In  treatment,  how- 
ever, for  the  same  amount  of  antitoxin  we  have  to  inject  less  blood 
serum  with  the  higher  grades,  and,  therefore,  have  somewhat  less 
danger  of  rashes  and  other  deleterious  results.  The  amount  of  anti- 
toxin required  for  immunization  is  300  units  for  an  infant,  500  for 
an  adult,  and  proportionately  for  those  between  these  extremes. 
After  the  observation  of  the  use  of  antitoxin  in  the  immunization  of 
several  thousand  cases,  I  have  absolute  belief  in  its  power  to  prevent 
an  outbreak  of  diphtheria  for  at  least  two  weeks,  and  also  of  its  almost 
complete  harmlessness  in  the  small  doses  required.  If  it  is  desired 
to  prolong  the  immunity  the  antitoxin  injection  is  repeated  every  two 
weeks.  For  treatment,  mild  cases  should  be  given  1500  units,  mod- 
erate cases  2000  to  4000  units,  and  severe  cases  5000  to  10,000  units. 
Where  no  improvement  follows  in  twelve  hours  the  dose  should  be 
repeated.  Intravenous  injections  give  most  rapid  effect.  Antitoxin 
is  to  a  slight  extent  absorbed  when  given  by  the  mouth. 

Besults  of  the  Antitoxin  Treatment  of  Diphtheria. —The  conclu- 
sions arrived  at  by  Biggs  and  Guerard,  after  a  review  of  all  the  sta- 
tistics and  opinions  published  since  the  beginning  of  the  antitoxin 
treatment  in  1892,  were  as  follows: 

"  It  matters  not  from  what  point  of  view  the  subject  is  regarded, 
if  the  evidence  now  at  hand  is  properly  weighed,  but  one  conclusion  is 
or  can  be  reached — whether  we  consider  the  percentage  of  mortality 
from  diphtheria  and  croup  in  cities  as  a  whole,  or  in  hospitals,  or  in 
private  practice ;  or  whether  we  take  the  absolute  mortality  for  all  the 
cities  of  Germany  whose  population  is  over  15,000,  and  all  the  cities 
of  France  whose  population  is  over  20,000 ;  or  the  absolute  mortality 
for  Xew  York  City,  or  for  the  great  hospitals  in  France,  Germany, 
and  Austria;  or  whether  we  consider  only  the  most  fatal  cases  of 
diphtheria,  the  laryngeal  and  operative  cases;  or  whether  we  study 
the  question  with  relation  to  the  day  of  the  disease  on  which  treatment 
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is  commenoed,  or  the  age  of  the  patient  treated ;  it  matters  not  how 
the  subject  is  regarded  or  how  it  is  turned  for  the  purpose  of  compari- 
son with  previous  results,  the  conclusion  reached  is  always  the  same 
— ^namely,  there  has  been  an  average  reduction  of  mortality  from  the 
use  of  antitoxin  in  the  treatment  of  diphtheria  of  not  less  than  50 
per  cent.,  and  under  the  most  favorable  conditions  a  reduction  to  one- 
quarter,  or  even  less,  of  the  previous  death  rate.  This  has  occurred 
not  in  one  city  at  one  particular  time,  but  in  many  cities,  in  different 
countries,  at  different  seasons  of  the  year,  and  always  in  conjunction 
with  the  introduction  of  antitoxin  serum  and  proportionate  to  the 
extent  of  its  use."  The  combined  statistics  of  deaths  of  19  of  the 
diief  cities  of  the  world  shows  there  were  in  the  last  four  years  not 
over  thirty  per  cent,  as  many  deaths  as  in  the  four  years  preceding 
the  introduction  of  antitoxin.  Except  where  immunization  has  been 
practical  on  a  large  scale  no  marked  reduction  in  the  number  of  cases 
of  diphtheria  has  been  evident 

DeleteriouB  Effects  Following  Injections  of  Antitoxic  Semm. — About  1 
in  10,000  persons  develop,  within  a  few  minutes  after  an  injection  of 
serum,  alarming  symptoms.  These  persons  have  usually  been  sub- 
ject to  asthma  or  have  the  pathological  changes  known  as  status 
lymphaticus.  Some  die  almost  instantly.  Most,  after  a  few  hours, 
recover  completely.  As  a  rule  when  death  occurs  it  takes  place 
within  a  few  minutes  after  the  development  of  symptoms.  As  a  rule 
the  respiratory  rather  than  the  circulatory  center  seems  to  be  affected. 
Besides  these  rare  accidents  there  are  the  disagreeable  after-effects 
which  we  group  under  the  name,  serum  sickness.  Under  this  name 
we  now  include  the  various  clinical  manifestations  following  the  in- 
jection of  horse  serum  into  man.  The  principal  symptoms  of  this 
disease  are  a  period  of  incubation  varying  from  eight  to  thirteen  days, 
fever,  skin  eruptions,  swelling  of  the  lymph  glands,  leukonemia,  joint 
symptoms,  oedema  and  albuminuria.  The  term  "  serum  sickness '' 
was  first  used  by  von  Pirquet  and  Schick,*  from  whose  excellent  mon 
ograph  the  following  data  are  chiefly  taken. 

In  1874  Dallera  reported  that  urticarial  eruptions  may  follow  the 
transfusion  of  blood.  Neudorfer  and  also  Landois  also  refer  to  this 
complication.  In  the  year  1894  the  use  of  diphtheria  antitoxin  in- 
troduced the  widespread  practice  of  injecting  horse  serum.  In  the 
same  year  several  cases  were  reported  in  which  these  injections  were 
followed  by  various  skin  manifestations,  mostly  of  an  urticarial 
character.  Following  these  came  a  great  mass  of  evidence  which 
made  it  clear  that  following  the  injection  of  antidiphtheric  serum 
these  sequelae  were  usually  comparatively  harmless.  Nevertheless 
from  time  to  time  the  occurrence  of  serious  symptoms,  and  even 
of  death,  have  been  reported  following  the  injection  of  diphtheria 
antitoxic  serum.  Rosenau  and  Anderson  have  collected  nineteen 
such  sudden  death  cases  from  the  literature,  and  state  they  have 

W.  Pirquet  and  Schick,  Die  Serum  Krankheit,  Wien,  1905. 
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personal  knowledge  of  several  more  which  have  been  reported. 
However,  considering  the  enormous  number  of  antitoxic  injections 
made  each  year,  such  accidents  must  be  extremely  rare.  Certainly 
the  benefits  derived  from  diphtheria  antitoxin  far  outweigh  the 
danger.  In  New  York  City  there  have  been  but  three  deaths  at- 
tributed to  serum  in  over  50,000  persons  injected. 

Due  to  Sebum  as  Such. — Heubner  in  1894  and  von  Bokay  some- 
what later  expressed  the  opinion  that  these  manifestations  were  due 
to  other  properties  than  the  antitoxin  in  the  serum,  and  tliis  has 
proven  to  be  the  case.  Johannessen  produced  the  same  effects  by 
injecting  normal  horse  serum.  It  has  also  been  shown  that  the  skin 
eruptions  and  other  symptoms  follow  in  a  considerable  degree  ac- 
cording to  the  amount  of  serum  injected,  and  this  has  led  to  attempts 
to  eliminate  the  non-antitoxic  portion  of  the  senim  as  much  a? 
possible.^ 

Von  Pirquet  and  Schick's  Theory. — It  was  difficult  to  account 
for  the  long  incubation  period  in  "  serum  sickness.''  With  poisons 
capable  of  self-multiplication  (bacteria,  etc)  this  period  was  usually 
referred  to  the  time  necessary  for  them  to  accumulate  in  sufficient 
number  and  virulence  to  produce  symptoms.  But  serum  is  not  a 
poison  capable  of  multiplication.  Pfeiffer's  work  on  the  endotox- 
ins led  to  the  view  that  the  antibodies  played  an  important  part  in 
bringing  on  the  symptoms. 

It  is  of  course  at  once  apparent  that  the  formation  of  antibodies 
requires  a  definite  period  of  time.  The  general  idea  underlying 
von  Pirquet  and  Schick's  theory  of  serum  sickness  is  that  the  injec- 
tion of  the  serum  into  animals  causes  the  development  of  specific 
reaction  products  which  are  able  to  act  upon  the  antigens  intro- 
duced. These  antibodies  encounter  the  antigens,  i,  e.,  the  serum  later 
introduced  in  the  body,  and  so  give  rise  to  a  deleterious  reaction. 
This  accounts  for  the  cases  of  "  immediate  reaction  "  in  man  de- 
scribed by  von  Pirquet  and  Schick,  in  which  second  injection  of  a 
serum  produces  an  attack  of  serum  sickness  with  a  short  or  no  period 
of  incubation.  It  has  been  known  for  years  that  horse  serum  is 
poisonous  to  animals,  especially  guinea-pigs,  that  have  been  previously 
injected  with  small  amoimts  of  horse  serum.^  The  time  necessary 
to  elapse  between  the  first  and  second  injections  is  ten  days  or  more. 
The  greatest  effect  is  present  between  four  and  six  weeks.  Tlie 
symptoms  are  respiratory  embarrassment,  paralysis  and  convulsions, 
and  come  on  usually  within  ten  minutes  after  the  injection.  Wheu 
death  results  it  usually  occurs  within  one  hour,  frequently  in  less 
than  thirty  minutes.  The  poisonous  principle  in  horse  serum  in  these 
cases  apyx^ars  to  act  on  the  respiratory  centers.  The  heart  continues 
to  beat  long  after  respiration  ceases. 

*  See  Gibson,  The  Concentration  of  Diphtheria  Antitoxin.     Jour,  of  Biological 
Chemistry,  Vol.  i,  1906. 

*The  Germans  usually  speak  of  this  as  ** Theobald  Smith's  phenomenon  of 
hypersusceptibility. ' ' 
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The  first  injection  of  horse  serum  renders  the  guinea-pig  sus- 
ceptible; the  quantity  required  for  this  purpose  is  extremely  small. 
Rosenau  and  Anderson  find  that  from  %5o  to  Mooo  c.c.  ordinarily 
suffice.  One-tenth  cc.  of  horse  serum  injected  into  the  peritoneal 
cavity  of  a  susceptible  guinea-pig  is  sufficient  to  cause  death.  The 
same  quantity  inoculated  subcutaneously  may  cause  serious  symp- 
toms. Guinea-pigs  may  be  sensitized  to  the  toxic  action  of  horse 
serum  by  feeding  them  with  horse  serum  or  horse  meat* 

It  may  be  that  man  cannot  be  sensitized  in  the  same  way  that 
guinea-pigs  can.  However,  children  have,  in  numerous  instances, 
been  injected  with  antidijAtheric  horse  serum  at  short  and  long  inter- 
vals without,  so  far  as  we  are  aware,  causing  death.  Certain  serums, 
for  example  the  arititubercle  serum  of  Maragliano,  are  habitually 
used  by  giving  injections  at  intervals  of  days  or  weeks.  The  re- 
9vlt&  of  Rosenau  and  Anderson  make  it  probable  that  man  may  be 
rendered  sensitive  to  the  injection  of  a  strange  proteid,  as  is  the 
ease  with  the  guinea-pig  and  other  animals,  and  that  this  explana- 
tion must  be  considered  as  well  as  the  status  lymphaticus,  whidi  has 
heretofore  been  assigned  as  the  cause  of  sudden  death  following  the 
injection  of  horse  serum. 

Besides  the  status  lymphaticus,  a  tendency  to  asthma  seems  to  pre- 
dispose to  serum  sickness.  There  is  at  present  no  proof  that  the 
sensitizing  of  guinea-pigs  by  a  previous  injection  of  serum  is  anal- 
ogous to  the  sudden  symptoms  in  man  following  an  injection  of 
antitoxic  serum.  In  our  experience  there  is  no  reason  to  avoid  a 
second  immunizing  injection  of  serum.  A  dose  in  man  comparable 
to  the  amount  required  to  produce  sickness  in  a  guinea-pig  would  be 
over  200  cc.  Banzhaf  and  Famuleuer  have  recently  shown  that 
chloral  in  proper  doses  will  prevent  sickness  in  guinea-pigs. 

The  Separation  of  Antitoxin  from  Serum. — There  have  already 
been  many  attempts  to  accomplish  this  in  the  case  of  the  antitoxins. 
Those  interested  in  the  chemical  side  of  these  investigations  are 
referred  to  the  recent  article  by  Gibson,  as  already  stated.  In 
1900,  Atkinson,  working  in  the  Research  Laboratory  of  the  Health 
Department,  eliminated  all  but  the  globulin  from  the  antitoxic 
sermn,  and  we  tried  this  partially  refined  serum  in  36  cases.  The 
results  were  so  nearly  identical  with  an  equal  number  of  cases 
treated  with  the  whole  serum  from  the  same  horse  that  it  did 
not  seem  to  be  worth  while  to  go  to  the  expense  of  preparing  such  an 
antitoxic  solution.  The  idea  that  a  practical  separation  of  the  anti- 
tojtin  from  much  of  the  proteid  non-antitoxic  portion  of  the  serum 
was  possible  was  not  given  up.  In  August  of  1905  we  l»egan  trials 
with  an  antitoxic  preparation  which  offered  grounds  for  hoping  for 
better  success.  Dr.  R.  B.  Gibson,  chemist  in  the  Research  Labora- 
tory, placed  the  ammonium  sulphate  precipitate  from  the  antitoxic 
serum  in  saturated  sodium  chloride  solution  and  found  that  the  globu- 
lin soluble  in  this  contained  all  the  antitoxin.     In  this  way  the 
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nucleoproteids  and  the  insoluble  globulins  present  in  the  Atkinson 
preparation  were  eliminated  in  the  following  summa^. 

Ordinary  antitoxic  serum  contains  serum  globulins  (antitoxic), 
serum  globulins  (non-antitoxic),  serum  albumins  (non-antitoxic), 
serum  nucleoproteids  (non-antitoxic),  cholesterin,  lecithin,  traces  of 
bile  coloring  matter,  traces  of  bile  salts  and  acids,  traces  of  inorganic 
blood  salts  and  other  non-proteid  compounds.  Refined  serum  con- 
tains serum  globulins  (antitoxic),  traces  of  serum  globulins  (non- 
antitoxic),  dissolved  in  dilute  saline  solution. 

Method  of  Concentration. — The  material  we  use  is  blood 
plasma  instead  of  blood  serum.  This  is  obtained  by  allowing  the 
blood  to  flow  directly  from  the  jugular  vein  of  the  immunized  horse 
into  10  per  cent,  sodium  citrate  solution,  which  prevents  it  from 
clotting  and  allows  the  red  corpuscles  to  settle  out.  This  plasma  is 
used,  in  place  of  serum,  merely  as  a  matter  of  convenience  and 
economy. 

Isolating  the  Antitoxin  Globulins. — The  globulins  of  the 
plasma  are  removed  from  the  other  constituents  by  precipitating  them 
from  solution  by  means  of  ammonium  sulphate  and  filtering  off  on 
paper.  This  allows  the  serum  albumins  and  other  soluble,  non- 
proteid  constituents  of  the  blood,  to  pass  through  and  thus  become 
immediately  eliminated  in  the  filtrate.  Now  this  precipitate,  formed 
with  ammonium  sulphate,  contains  the  globulins  of  the  blood  which 
are  antitoxic  in  character ;  those  which  are  non-antitoxic  in  character ; 
and  nucleoproteids.  The  antitoxic  globulins  are  extracted  from  this 
mass  of  precipitate  by  treating  with  saturated  solution  of  sodium 
chloride,  in  which  this  compound  is  soluble.  The  problem  then  re- 
mains to  separate  this  antitoxic  substance  from  the  solution  and  wash 
out  of  it  the  salts  of  ammonium  and  sodium. 

The  antitoxic  globulin  is  next  isolated  by  precipitation  with  dilute 
acetic  acid. 

The  ammonium  salts  are  thoroughly  washed  out  by  repeated  treat- 
ment with  saturated  sodium  chloride  solution  and  filtered  each  time. 
Finally  the  sodium  chloride  is  removed  by  dialysis,  which  process  is 
accomplished  by  placing  the  antitoxic  globulins  in  bags  of  vegetable 
parchment  and  immersing  in  running  water  so  long  as  salts  continue 
to  diffuse  out  After  dialysis,  the  antitoxic  globulins  are  dissolved 
in  dilute  saline  solution,  filtered  through  paper  pulp,  to  remove  the 
traces  of  undissolved  matter,  filtered  through  a  Berkefeld  clay  filter 
to  remove  bacteria,  and  then  put  in  sterile  syringes. 

This  antitoxic  solution  of  globulin  and  a  portion  of  the  other  solu- 
ble serum  globulins  was  then  tested  on  a  number  of  children.  The 
results  were  from  the  start  favorable,  except  that  in  the  banning 
more  local  pain  was  produced  than  with  the  whole  serum.  Stricter 
attention  to  the  neutralization  soon  overcame  this,  so  that  when  the 
serum  was  injected  on  one  side  and  the  globulin  solution  on  the  other, 
the  patient  was  unable  to  tell  the  one  from  the  other.  In  October, 
1905,  the  antitoxic  globulin  solution  was  administered  not  only  in  the 
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hospitals  but  also  in  private  homes  by  medical  inspectors.  Since  then 
it  has  been  the  only  form  of  antitoxin  supplied  by  the  Health  Depart- 
ment.    Private  manufacturers  have  also  recently  begun  to  furnish  it^ 

Results  from  the  Use  of  Antitoxic  Globulin  £k>lation. — The  curative 
effect  proved  to  be  identical  with  that  of  the  whole  serum.  This 
would  be  almost  necessarily  so,  as  the  unit  of  the  antitoxic  globulin 
solution  is  identical  with  the  unit  of  antitoxin  supplied  by  the  United 
States  Government.  Our  tests  showed  clearly  that  not  only  the 
toxin  but  also  the  poisons  produced  in  the  animal  by  injections  with 
virulent  bacilli  are  neutralized  as  completely  by  the  globulin  solution 
as  by  the  antitoxic  serum  from  which  they  are  separated.  Not  only 
we  ourselves  but  the  resident  and  attending  physicians  of  the  conta- 
gious disease  hospitals,  noted  that  following  the  injections  of  the 
globulin  solution  there  seemed  to  be  decidedly  less  severe  rashes  than 
formerly  followed  the  whole  serum,  and  it  was  especially  noted  that 
there  were  very  few  who  had  any  constitutional  disturbances  even 
when  the  development  of  the  rashes  did  occur.  As  the  serum  sup- 
plied by  different  horses  or  from  the  same  horse  at  different  times  is 
known  to  vary,  and  as  it  is  therefore  difficult  accurately  to  compare 
different  bleedings,  it  was  decided  to  make  a  test  by  collecting  a  quan- 
tity of  serum  from  four  different  horses,  mixing  it  thoroughly,  and 
then  after  precipitating  one-half  to  treat  an  equal  number  simultane- 
ously with  the  two  preparations.  These  tests  were  chiefly  carried 
out  in  the  Willard  Parker  Hospital,  but  a  few  of  the  cases  were  treated 
at  Riverside  Hospital.  To  Drs.  Lynah,  Throne  and  Watson,  the  resi- 
dent physicians  in  charge  of  these  two  hospitals,  we  are  indebted  for 
interest  and  aid  in  carrying  out  the  experiment.  It  soon  became 
evident  that  the  serum  that  we  had  chosen  for  the  test  was  one  of 
such  character  that  eruptions  and  constitutional  disturbances  usually 
appeared  in  those  injected.  Whether  it  was  the  fact  that  serum  from 
four  horses  had  been  mixed  or  whether  it  was  some  other  reason,  this 
serum  produced  more  after  effects  than  any  lot  ive  had  used  in  the 
hospitals  since  1899.  These  after-effects  were  so  marked  and  occur- 
red in  such  a  large  proportion  of  the  children  that  we  decided  to  stop 
the  use  of  the  whole  serum  as  soon  as  we  became  aware  of  the  fact. 
In  those  over  10  years  of  age  almost  no  rashes  occurred.  The  rashes 
in  those  given  the  globulin  preparation  were  much  less  severe.  The 
cases  treated  with  both  the  whole  serum  and  the  antitoxic  globulins 
were  most  carefully  watched,  and  the  course  of  the  disease  as  well  as 
after-affects  noted. 

After  all  the  tested  cases  had  become  fully  convalescent  or  had  left 
the  hospital  the  histories  were  finally  gone  over  and  compared.  It 
was  found  that  fifty  children  under  ten  years  of  age  treated  with  the 
whole  serum  had  lived  at  least  nine  days  or  long  enough  for  the  devel- 
opment of  serum  effects.  The  first  fifty  consecutive  cases  in  children 
under  10  years  treated  with  the  antitoxic  globulins  precipitated  from 
the  same  lot  of  serum  were  taken  to  compare  with  these. 
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The  comparative  table  giving  a  summary  of  the  constitutional  and 
local  reactions  obtained  in  the  treatment  of  fifty  cases  of  diphtheria 
in  yoimg  children,  with  a  lot  of  antitoxic  serum  received  from  three 
horses  and  of  an  equal  number  of  similar  cases  treated  with  a  solution 
of  the  antitoxic  globulins  derived  from  a  portion  of  the  same  lot  of 
serum  is  as  follows : 

Children  who  were 
Children  treated  with    treated  with  the 
the  whole  serum       antitoxic  globulins 

Marked  constitutional  symptoms 
accompanied  by  a  severe  and 
persistent  rash  in   28  per  cent.  0  per  cent. 

Moderate  constitutional  symptoms 
accompanied  by  a  well-devel- 
oped erythema  or  urticaria. ..  18  per  cent.  4  per  cent. 

Very  slight  constitutional  dis- 
turbance accompanied  by  a 
more  or  less  general  rash  in. .  20  per  cent.  8  per  cent. 

No  appreciable  constitutional 
disturbance,  but  a  more  or 
less  general  urticaria  or  ery- 
thema in  4  per  cent.  34  per  cent. 

No  appreciable  deleterious  after- 
effects whatever  in 30  per  cent.  54  per  cent. 

DURATION   OF  BASHES. 
Days  12346678    Totals 

Antitoxic  Globulin  cases 5       7       5      2       3  1        — 23 

Whole  serum  cases 1       4     10       1     10      3      2      5 — 36 

The  concentration  of  antitoxin  made  possible  by  the  elimination 
of  the  non-antitoxic  substances  is  not  only  a  convenience  but  is  of  a 
distinct  importance,  as  it  tends  to  encourage  large  doses. 

The  antitoxic  globulin  solution  tends  to  become  slightly  cloudy 
when  kept  at  moderate  or  high  temperatures  and  substances  such  as 
solutions  of  carbolic  acid  and  trikresol  precipitate  it. 

Use  of  a  Serum  to  Eradicate  Diphtheria  Bacilli  from  Convales- 
cents and  Healthy  Persons. — A  great  difficulty  in  combating  diph- 
theria is  this:  that  in  healthy  children,  but  especially  in  diphtheria 
convalescents,  despite  the  use  of  antitoxin,  the  diphtheria  bacilli  often 
remain  in  the  nasopharynx  for  a  very  long  time.  This  is  extremely 
annoying,  because  a  child  so  affected  cannot  be  sent  to  school  until 
all  diphtheria  bacilli  have  disappeared  from  the  nasopharynx.  Was- 
sermann  has  done  as  follows:  A  strongly  agglutinating,  multipartial 
diphtheria  serum  is  evaporated  to  dryness  in  vacuo,  mixed  with  sugar 
of  milk,  pulverized,  and  pressed  into  tablets.  These  tablets  when 
dissolved  in  the  mouth  cause  the  fluids  in  the  mouth  to  become 
strongly  agglutinating.  The  question  was,  and  is,  whether  this  proc- 
ess of  agglutination  will  help  us  to  get  rid  of  the  diphtheria  bacilli 
from  the  nasopharynx  more  quickly  and  surely  than  was  heretofore 
possible.  His  clinical  experiments  thus  far  made  speak  in  favor  of 
the  employment  of  this  serum.  WTiereas  it  is  no  rarity  for  diph- 
theria bacilli  tx)  be  present  in  the  throats  of  convalescents  for  weeks, 
he  found  that  in  the  eases  in  which  these  tablets  have  been  used  the 
bacilli  disappeared  within  a  few  days. 
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His  method  is  this:  A  tahlet  is  allowed  to  dissolve  in  the  montli 
about  every  two  hours,  and  th^i,  after  fifteen  minutes,  the  cliild's 
nasopharynx  is  rinsed  out  with  an  indifferent  fluid  in  the  form  of  a 
spray  or  gargle.  He  conceives  the  action  to  be  such  that,  wheren:^ 
when  this  serum  is  not  employed  the  diphtheria  bacilli  are  scattered 
diffusely  throughout  the  nasopharynx,  under  the  influence  of  this 
serum  they  are  agglutinated  or  clumped  together.  The  diphtheria 
bacilli  are  massed  together  more  or  less  by  the  serum,  and  these 
clumps  are  then  removed  by  the  subsequent  rinsing.  In  this  way 
they  are  so  much  decreased  in  amount  that  the  natural  power  of  the 
organism  is  able  much  more  quickly  to  make  away  with  those  remain- 
ing. He  has  hopes  that  this  new  diphtheria  serum  will  be  destined 
to  be  of  great  service,  especially  in  making  prophylaxis  easier  and  in 
making  it  possible  to  send  the  dijAtheria  convalescents  to  school 
earlier  than  heretofore.  Our  own  experiences  with  this  serum  have 
been  few  and  unsatisfactory. 

Development  of  Agglutinins  for  Diphtheria  Bacilli. — ^By  the  in- 
jections of  the  bodies  of  diphtheria  bacilli  into  animals  agglutinins 
have  been  developed  in  sufficient  amount  to  act  in  1 :  5000  dilutions 
of  the  serum.  The  serum  produced  from  diphtheria  bacilli  does  not 
agglutinate  pseudodijrfitheria  bacilli  in  high  dilutions.  The  serum 
of  patients  convalescent  from  diphtheria  has,  as  a  rule,  little  agglu- 
tinating power.  This  test  is  not  used  in  diagnosis.  Increasing  op- 
sonic index. 

Persistence  of  Antitoxin  in  the  Blood. — ^When  injections  of  toxin 
are  stopjjed  in  a  horse  the  antitoxin  is  slowly  eliminated,  so  that  there 
is  a  loss  of  about  20  per  cent  a  week.  In  from  three  to  five  months 
all  appreciable  antitoxin  has  been  eliminated. 

The  Nature  of  the  Diphtheria  Poisons. — Much  additional  information 
concerning  the  nature  of  toxin  has  been  gained  by  experimenting  with  mix- 
tures of  toxin  and  antitoxin,  in  which  the  two  are  present  in  varying  propor- 
tions. This  is  the  "  partial  saturation  "  method  of  Ehrlich.  Through  a  num- 
ber of  experiments  Ehrlich  obtained  information  which  permitted  him  to 
estimate  that  200  "  binding  units  "  are  represented  in  the  amount  of  diph- 
theria toxin  (hypothetically  pure)  which  is  exactly  neutralized  by  one  anti- 
toxin unit.  If  the  entire  amount  of  antitoxin — i.  e.,  200/200,  is  added  to  the 
amount  of  toxin  in  question,  complete  neutralization  of  the  latter,  of  course, 
occurs.  In  case  the  toxin  is  entirely  pure,  199/200  of  the  antitoxin  unit 
would  destroy  all  but  1/200  of  the  initial  toxicity;  and  150/200,  or  100/200, 
or  75/200,  etc.,  of  the  antitoxin  when  added  would  permit  corresponding  de- 
grees of  toxicity  to  be  demonstrated  through  animal  inoculations.  It  was 
found,  however,  that  neutralization  according  to  this  simple  scale  did  not  take 
place.  The  results  were  complicated,  and  Ehrlich  has  found  it  convenient  to 
express  them  graphically  in  the  form  of  the  "  toxin  spectrum."  For  example, 
let  199/200  of  the  antitoxin  unit  be  added  to  the  proper  amount  of  the  toxin, 
198/200  to  another  similar  amount,  197/200  to  another,  etc.,  down  to  150/200. 
In  the  last  mixture,  50  out  of  the  200  binding  units  which  the  toxin  possesses 
are  free,  and  these  50,  rather  than  some  other  50,  are  free  because  they  have 
less  affinity  for  the  antitoxin  than  the  150  units  which  were  bound.  It  has 
been  found  that  those  units  which  first  become  free  are  much  less  toxic  than 
a  corresponding  amount  of  the  original  toxin.  It  was  thought  that  they  might 
have  lost  their  toxophore  groups — i.  e.,  that  they  were  toxoids;  and  because 
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of  their  weak  aflBnity  for  antitoxin  they  were  called  epitoxoids.  It  was  found, 
however,  that  they  possessed  a  rather  constant  though  low  degree  of  toxicity 
and  that  the  toxic  action  was  characteristic.  Injection  was  followed  by  some 
local  oedema,  then  by  a  long  incubation  period,  and  finally  by  cachexia  and 
paralysis.  On  account  of  this  characteristic  toxic  action  and  the  long  incu- 
bation period,  Ehrlich  has  concluded  that  the  so-called  epitoxoid  is  in  reality 
a  separate  toxin  secreted  by  the  diphtheria  bacillus. 

Toxon. — This  he  now  designates  as  toxon  in  order  to  distinguish  it  from 
that  other  constituent  of  diphtheria  bouillon,  the  toxin,  which  causes  the  acut« 
phenomena  of  diphtheria. 

Let  one  now  add  still  smaller  amounts  of  the  antitoxin  unit  to  the  200  bind- 
ing units  of  the  toxin.  When  149/200  are  added  it  is  found  that  a  certain 
amount  of  true  toxin  remains  free,  and,  moreover,  is  free  in  direct  proportion 
to  the  amount  of  antitoxin  withheld.  Consequently  when  but  50/200  anti- 
toxin unit  is  added  the  amount  of  free  toxin  corresponds  to  100  binding  units. 
If  true  toxin  only  remained  a  continuation  of  the  experiment  would  sjiow 
toxin  equals  150.  It  could  then  be  said  that  the  constitution  of  this  toxin 
is:  toxin  150  and  toxon  50.  However,  it  may  be  found  that  as  49/200, 
48/200,  etc.,  to  0/200  antitoxin  unit  are  added,  no  increase  of  free  toxin  is 
found,  although  the  antitoxin  added  has  been  found.  Therefore,  the  50  toxin 
binding  units  which  have  the  greatest  affinity  for  antitoxin  are  non-toxic — 
t.  e.,  they  are  toxoids,  and  since  they  have  the  maximum  affinity  for  antitoxin 
they  are  called  protoxoids. 

It  has  been  assumed  also  that  a  toxoid  may  exist  which  has  an  affinity  for 
antitoxin  exactly  equalling  that  which  toxin  possesses;  this  as  yet  purely 
hypothetical  constituent  bears  the  name  of  syntoxoid. 

Refinements  in  experimentation  show  that  even  the  true  toxin  is  not  uni- 
form in  its  virulence  and  its  affinity  for  antitoxin.  Accordingly,  a  proto- 
toxin,  a  deuterotoxin,  and  a  tritotoxin  may  be  recognized  by  this  same  par- 
tial saturation  method.  For  example,  it  may  be  found  that  when  a  portion 
of  the  antitoxin  unit,  between  the  limits  of  149/200  and  125/200,  is  with- 
held, a  toxin  is  left  free  which  is  less  virulent  than  that  remaining  free  be- 
tween the  limits  of  124/200  and  100/200;  and  from  this  point  on  the  new 
unbound  toxin  may  be  still  more  virulent.  The  first  would  be  tritotoxin,  the 
second  deuterotoxin,  and  the  third  prototoxin. 

A  "  spectrum  "  having  been  worked  out  for  a  toxin  when  fresh,  an  exam- 
ination made  some  time  later,  a  year  for  example,  may  show  many  changes. 
The  prototoxin  zone  and  portions  of  the  deuterotoxin  or  tritotoxin  may  also 
have  disappeared  because  of  toxoid  formation.  These  changes  have  led  to 
the  recognition  of  an  alpha  and  a  beta  modification  of  the  toxin  portions. 
The  alpha  modifications  of  all  three  toxins  readily  become  toxoids.  Only  the 
beta  modification  of  the  deuterotoxin  remains  constant.  The  toxon  portion 
also  remains  relatively  intact. 

Summary. — To  summarize  Ehrlich^s  views  as  to  the  nature  of  diphtheria 
toxin:  The  diphtheria  bacillus  secretes  two  toxins,  one  of  which,  the  toxin, 
causes  the  acute  phenomena  of  diphtheria  intoxication,  while  the  other,  the 
toxon,  causes  cachexia  and  paralysis  after  a  rather  long  period  of  incubation. 
The  non-toxic  toxin,  or  toxoid,  appears  as  the  result  of  the  degeneration  of 
the  toxophore  group  of  the  toxin,  the  haptophore  group  remaining  intact 
The  toxin  may  be  separated  into  three  divisions,  which  vary  in  their  affinity 
for  antitoxin — prototoxin,  deuterotoxin,  and  tritotoxin.  On  the  same  basis 
there  are  three  toxoids — prototoxoids,  syn toxoids,  and  epitoxoid  (the  toxon) 
— the  first  having  the  greatest  affinity  for  antitoxin,  while  the  epitoxoid  has 
the  least.  The  toxins  are  divided  into  an  alpha  and  a  beta  portion,  depend- 
ing on  the  ease  with  which  they  are  changed  into  toxoids.  All  of  these  sub- 
stances unite  with  tissue  cells  and  with  antitoxin  through  the  agency  of  a 
haptophore  group,  while  the  toxicity  depends  on  the  presence  of  a  toxophore 
group  in  the  toxin  or  toxon  molecule. 
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Bordet  and  others  refuse  to  accept  these  complicated  conceptions 
of  Ehrlich  and  the  whole  matter  is  at  the  present  time  under  active 
discussion.  Thus  the  existence  or  non-existence  of  toxons  has  excited 
a  great  deal  of  discussion  among  investigators.  The  great  Swedish 
chemist,  Arrhenius,  has  recently  given  much  attention  to  toxins  and 
is  applying  the  principles  of  physical  chemistry  to  the  study  of  toxins 
and  antitoxins.  It  is  a  well-known  fact  that  some  chemical  sub- 
stances when  in  solution  have,  the  power  of  breaking  up  into  their  con- 
stituent parts;  thus  sodium  chloride  breaks  up  in  part  into  sodium 
and  chlorine,  as  sodium  or  chlorine  ions  or  electrolytes.  The  disso- 
ciated sodium  and  chlorine  may  then  enter  into  combination  with  any 
other  suitable  substance  which  may  be  present.  Arrhenius  holds  that 
this  is  the  case  with  the  toxin-antitoxin  molecule,  that  it  may  to  a 
certain  extent  again  break  up  into  separate  toxin  and  antitoxin.  He 
believes  that  this  dissociated  toxin  is  the  substance  which  Ehrlich  has 
been  calling  toxon.  Madsen,  who  formerly  had  done  much  work  with 
toxons,  has  now  joined  with  Arrhenius  in  support  of  the  dissociation 
theory.  In  spite  of  their  reasoning  Ehrlich  and  his  followers  con- 
tinue to  uphold  the  toxon  as  an  independent  toxic  substance.  -  Recent 
investigations  throw  doubt  on  both  explanations  as  being  at  all  final. 

Standardizing  of  Antitoxin  Testing. — ^Ehrlich  has  contributed 
greatly  to  uniformity  in  results  in  testing  antitoxin  by  calling  atten- 
tion to  the  necessity  of  selecting  a  suitable  toxin  and  by  employing 
and  distributing  an  aptitoxin  as  a  standard  to  test  toxins  by.  In  this 
way  smaller  testing  stations  can  make  their  results  correspond  with 
those  of  the  central  station.  The  United  States  Marine  Hospital 
laboratories  have  recently  begun  to  distribute  to  laboratories  in  the 
United  States  an  equally  carefully  standardized  serum. 

In  spite  of  the  great  variations  in  the  neutralizing  value  of  a  fatal 
dose  in  different  toxins  we  do  not  believe  that  even  before  adopting 
the  use  of  a  standard  serum  there  has  been  any  such  great  difference 
in  the  toxins  used  by  the  different  stations  for  testing  purposes.  Most 
laboratories  have  taken  the  culture  fluid  at  about  the  time  of  its  great- 
est toxicity,  and  the  neutralizing  value  of  a  fatal  dose  of  this  toxin 
would  seldom  vary  more  than  10  per  cent,  above  or  below  the  standard 
now  adopted  in  Germany  by  the  government  testing  station. 

Where  error  has  been  made  it  has  usually  been  by  taking  too  old 
culture  fluids,  which  would  cause  the  antitoxin  strength  of  samples 
tested  to  be  estimated  below  and  not  above  its  real  value.  Culture  8, 
which  is  used  not  only  by  the  New  York  Board  of  Health  Laboratory, 
but  by  many  other  laboratories  in  the  United  States  and  Europe,  for- 
tunately produces  on  the  sixth  to  eighth  day — the  time  at  which  the 
culture  is  usually  removed — a  toxin  which  usually  grades  Ehrlich's 
antitoxin  within  5  per  cent,  of  the  strength  given  by  him. 

We  believe  that  by  using  such  a  bacillus  we  can,  after  gaining  a 

fuller  knowledge  of  its  characteristics,  obtain  a  toxin  of  a  known  and 

suitable  neutralizing  value,  and  thus  always  correctly  standardize  an 

antitoxic  serum  in  case  the  present  stations  ceased  to  supply  a  testing 
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serum.  This  is  certainly  true  for  the  bacillus  which  we  have  used 
for  the  past  twelve  years.  A  preparation  of  a  carefully  tested  anti- 
toxin is  of  immense  value  in  ensuring  a  uniform  standard  among  the 
different  testing  stations  and  in  allowing  of  comparison  between  them. 

The  old  definition  of  Behring  and  Ehrlich,  fliat  an  antitoxin  unit 
contains  the  amount  of  antitoxin  which  will  protect  the  life  of  a 
guinea-pig  from  one  hundred  fatal  doses  of  toxin,  must  be  modified 
so  as  to  be  defined  as  that  amount  of  antitoxin  which  will  neutralize 
one  hundred  fatal  doses  of  a  toxin  similar  to  that  adopted  as  the 
standard — ^namely,  one  having  approximately  the  characteristics  of 
toxins  in  cultures  at  the  height  of  their  toxicity. 

The  actual  test  of  an  antitoxin  serum  is,  therefore,  carried  out  as 
follows :  Six  guinea-pigs  are  injected  with  mixtures  of  toxin  and  anti- 
toxin. In  each  of  the  mixtures  there  is  100  times  the  amount  of  a 
toxin  such  as  just  described,  which  will  kill  250  grm.  of  guinea-pig 
on  an  average  in  ninety-six  hours.  In  each  of  the  mixtures  the 
amount  of  antitoxin  varies ;  for  instance,  No.  1  would  contain  0.002 
c.c.  serum ;  No.  2,  0.003  c.a ;  No.  3,  0.004  c.c. ;  No.  4,  0.005  cc,  etc. 
If  at  the  end  of  the  fourth  day  Nos.  1,  2,  and  3  were  dead  and  Nos. 
4,  5  and  6  were  alive  we  would  consider  the  serum  to  contain  200 
units  of  antitoxin  for  each  cubic  centimetre.  When  we  mix  only  ten 
fatal  doses  of  toxin  with  one-tenth  of  the  amount  of  antitoxin  used 
with  one  hundred  fatal  doses  the  guinea-pig  must  not  only  not  die 
but  must  remain  well.  The  mixed  toxin  and  antitoxin  must  remain 
together  for  fifteen  minutes  before  injecting. 

Mixed  Infection  in  Diphtheria. — Virulent  diphtheria  bacilli,  how- 
ever, are  not  the  only  bacteria  present  in  human  diphtheria.  Vari- 
ous cocci,  more  particularly  streptococci,  staphylococci,  and  pneumo- 
cocci,  are  also  found  associated  with  Loeffler's  bacilli  in  diphtheria, 
playing  an  important  part  in  the  disease  and  leading  often  to  serious 
complications  (sepsis  and  bronchopneumonia).  Indeed,  the  progno- 
sis in  a  case  of  diphtheria  is  now  judged  to  be  graver,  other  things 
being  equal,  according  to  the  degree  to  which  other  pathogenic  bac- 
teria influence  the  course  of  the  disease.  These  cases  of  so-called 
mixed  infection  in  diphtheria  have  within  recent  years  attracted  con- 
siderable attention,  and  have  been  the  subject  of  a  number  of  animal 
experiments.  Though  the  results  of  these  investigations  so  far  have 
been  somewhat  indefinite,  they  would  seem  to  indicate  that  when  other 
bacteria  are  associated  with  the  diphtheria  bacilli  they  mutually  assist 
one  another  in  their  attacks  upon  the  mucous  membrane,  the  strepto- 
coccus being  particularly  active  in  this  respect,  often  opening  the  way 
for  the  invasion  of  the  Loeffler  bacillus  into  the  deeper  tissues  or 
supplying  needed  conditions  for  the  development  of  its  toxin.  Thus 
diphtheria  is  not  always  a  primary,  but  often  a  secondary  disease, 
following  some  other  infection,  as  measles  or  scarlet  fever.  In  most 
fatal  cases  of  bronchopneumonia  following  laryngeal  diphtheria  we 
find  not  only  abundant  pneumococci  or  streptococci  in  the  inflamed 
lung  areas,  but  also  in  the  blood  and  tissues  of  the  organs.     As  these 
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septic  infections  due  to  the  pyogenic  cocci  are  in  no  way  influenced 
by  the  diphtheria  antitoxin,  they  frequently  are  the  cause  of  the  fatal 
termination.  Other  bacteria  cause  putrefactive  changes  in  the  exu- 
date, producing  alterations  in  color  and  offensive  odors. 

Psendomembraiions  Exudative  Inflammations  Due  to  Bacteria 
other  than  the  Diphtheria  Bacilli.  —The  diphtheria  bacillus,  though 
the  most  usual,  is  not  the  only  microorganism  that  is  capable  of  pro- 
ducing pseudomembranous  inflammations.  There  are  numerous  bac- 
teria present  almost  constantly  in  the  throat  secretions,  which,  under 
certain  conditions,  can  cause  local  lesions  very  similar  to  those  in  the 
less-marked  cases  of  true  diphtheria.  The  streptococcus  and  pneu- 
mococcus  are  the  two  forms  most  frequently  found  in  these  cases, 
but  there  are  also  others  which,  under  suitable  conditions,  take  an 
active  part  in  producing  this  form  of  inflammation. 

The  pseudomembranous  angina  accompanying  scarlet  fever,  and 
to  a  less  extent  other  diseases,  may  not  show  the  presence  of  diph- 
theria bacilli,  but  only  the  pyogenic  cocci,  especially  streptococci,  or, 
more  rarely,  some  varieties  of  little-known  bacilli.  The  deposit 
covering  the  inflamed  tissues  in  these  non-specific  cases  is,  it  is  true, 
usually  but  not  always,  rather  an  exudate  than  a  true  pseudomem- 
brane.  The  majority  of  these  cases,  however,  are  mild  affections, 
being  only  of  importance  in  adding  to  the  severity  of  the  disease 
which  they  complicate.  An  exception  should  be  made  when  the 
larynx  is  affected,  as  here  the  lungs  are  often  secondarily  involved. 
Some  of  tibe  bacteria  which  occur  in  false  diphiheria  are  streptococci, 
staphylococci,  diplococci,  and  sometimes  pseudodiphtheria  bacilli  or 
bacilli  which  are  morphologically  and  culturally  distinct  from  the 
diphtheria  bacilli,  such  as  the  bacillus  discovered  by  Vincent 

Relation  of  Bacteriology  to  Diagnosis. — ^We  believe  that  all  expe- 
rienced clinicians  will  agree  that,  when  left  to  judge  solely  by  the 
appearance  and  symptoms  of  a  case,  there  are  certain  mild  exudative 
inflammations  of  the  throat  which  are  at  times  excited  by  diphtheria 
bacilli  and  at  times  by  other  bacteria. 

It  is  not  meant  to  imply  that  a  case  is  one  of  true  diphtheria 
simply  because  the  diphtheria  bacilli  are  present,  but  rather  that  the 
doubtful  cases  not  only  have  the  diphtheria  bacilli  in  the  exudate, 
but  are  capable  of  giving  true  characteristic  diphtheria  to  others,  or 
later  develop  it  characteristically  themselves ;  and  that  those  in  whose 
throats  no  diphtheria  bacilli  exist  can  under  no  condition  give  true 
characteristic  diphtheria  to  others,  or  develop  it  themselves  unless 
they  receive  a  new  infection.  It  is,  indeed,  true,  as  a  rule,  that  cases 
presenting  the  appearance  of  ordinary  follicular  tonsillitis  in  adults 
are  not  due  to  the  diphtheria  bacillus.  It  is  also  true  that  now  and 
then  a  case  having  this  appearance  is  one  of  diphtheria,  and  almost 
every  physician  has  seen  such  cases  from  time  to  time  in  households? 
infected  with  diphtheria.  On  the  other  hand,  in  small  children  mild 
diphtheria  very  frequently  occurs  with  the  semblance  of  rather  severe 
ordinary  follicular  tonsillitis,  due  to  the  pyogenic  cocci,  and  in  large 
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cities  where  diphtheria  is  prevalent  all  audi  cases  must  be  watched 
as  being  more  or  less  suspicious.  As  showing  doubt  in  our  judgment, 
I  think  most  would  feel  that  if  in  any  case  exposure  to  diphtheria 
is  known  to  have  occurred,  even  a  slightly  suspicious  sore  throat  would 
be  regarded  as  probably  due  to  the  diphtheria  bacilli.  If,  on  the 
other  hand,  no  cases  of  diphtheria  have  been  known  to  exist  in  the 
neighborhood,  even  cases  of  a  more  suspicious  nature  would  probably 
not  be  r^arded  as  diphtheria. 

Appearances  Characteristic  of  Diphtheria. — The  presence  of  irreg- 
ular-shaped patches  of  adherent  grayish  or  yellowish-gray  pseudo- 
membrane  on  some  other  portions  than  the  tonsils  is,  as  a  rule,  an  in- 
dication of  the  activity  of  the  diphtheria  bacilli.  Restricted  to  the 
tonsils  alone  their  presence  is  less  certain. 

Occasionally,  in  scarlatinal  angina  or  in  severe  phlegmonous  sore 
throats,  patches  of  exudate  may  appear  on  the  uvula  or  borders  of  the 
faucial  pillars,  and  still  the  case  may  not  be  due  to  the  diphtheria 
bacilli;  these  are,  however,  exceptional.  Thick,  grayish  pseudoraem- 
branes  which  cover  large  portions  of  the  tonsils,  soft  palate,  and  nos- 
trils are  almost  invariably  the  lesions  produced  by  diphtheria  bacilli. 

The  very  great  majority  of  cases  of  pseudomembranous  or  exuda- 
tive laryngitis,  in  the  coast  cities  at  least,  whether  an  exudate  is  pres- 
ent in  the  pharynx  or  not,  are  due  to  the  diphtheria  bacilli.  Cases 
in  which  no  exudate  is  apparent  and  those  in  which  the  laryngeal 
obstruction  is  sudden  and  the  spasmodic  element  is  marked  are,  how- 
ever, frequently  due  to  the  activity  of  other  bacteria.  Nearly  all 
membranous  affections  of  the  nose  are  true  diphtheria.  When  the 
membrane  is  limited  to  the  nose  the  symptoms  are,  as  a  rule,  very 
slight ;  but  when  the  nasopharynx  is  involved  the  symptoms  are  usu- 
ally grave.  Ordinarily  a  small  area  of  inflammation  indicates  a 
slight  or  moderate  severity,  and  an  extensive  area  a  severe  infection. 

Most  cases  of  pseudomembranes  and  exudates,  entirely  confined 
to  portions  of  the  tonsils  in  adults,  are  not  due  to  the  diphtheria  ba- 
cilli, although  a  few  cases  presenting  these  symptoms  are.  The  more 
complete  the  involvement  of  the  tonsils  the  more  apt  the  case  is  to  be 
due  to  them.  Cases  presenting  the  appearances  found  in  scarlet 
fever,  in  which  a  thin,  grayish  membrane  lines  the  borders  of  the 
uvula  and  faucial  pillars,  are  rarely  diphtheritic.  As  a  rule,  pseudo- 
membranous inflammations  complicating  scarlet  fever,  syphilis,  and 
other  infectious  diseases  are  due  to  the  activity  of  the  pathogenic  cocci 
and  other  bacteria,  induced  by  the  inflamed  condition  of  the  mucous 
membranes  due  to  the  scarlatinal  or  other  poison.  But  from  time  to 
time  such  cases,  if  they  have  been  exposed  to  diphtheria,  may  be  com- 
plicated by  it,  and  in  some  epidemics  mixed  infection  is  common. 

Location  of  Diphtheritic  Inflammation. — ^Diphtheria  attacks  not 
only  the  fauces,  larynx,  and  nasal  cavities,  but  also  occasionally  the 
skin,  vagina,  rectum,  conjunctiva,  nose,  and  ear. 

Exudate  Due  to  the  Diphtheria  BadUi  Contrasted  with  that  Dne 
to  Other  Bacteria. — As  a  rule,  the  exudate  in  diphtheria  is  firmly 
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incorporated  with  the  underlying  mucous  membrane,  and  cannot  be 
removed  without  leaving  a  bleeding  surface,  at  least  until  convales- 
cence. The  tissues  surrounding  the  exudate  are  more  or  less  inflamed 
and  swollen.  Where  other  bacteria  produce  the  irritant  the  exudate, 
except  in  cases  due  to  the  bacillus  described  by  Vincent,  is  usually 
loosely  attached,  collected  in  small  masses,  and  easily  removable. 
Exceptions,  however,  occur  in  both  these  diseases,  so  that  in  true  diph- 
theria the  exudate  may  be  easily  removed,  and  in  lesions  due  to  other 
bacteria  the  exudate  may  be  firmly  adherent 

Paralysis  following  a  pseudomembranous  inflammation  is  an  al- 
most positive  indication  that  the  case  was  one  of  diphtheria,  although 
slight  paralysis  has  followed  in  a  very  few  cases  in  which  careful  cul- 
tures revealed  no  diphtheria  bacilli.  These,  if  not  true  diphtheria, 
must  be  considered  very  exceptional  cases. 

Bacteriologio  Diagnosis. — From  the  above  it  is  apparent  that 
fully  developed  characteristic  cases  of  dij^theria  are  readily  diag- 
nosticated, but  that  many  of  the  less  marked,  or  at  an  early  period 
undeveloped,  cases  are  difficult  to  differentiate  the  one  from  the  other. 
In  these  cases  cultures  are  of  the  utmost  value,  since  they  enable  us 
to  isolate  those  in  which  the  bacilli  are  found,  and  to  give  preventive 
injections  of  antitoxin  to  both  the  sick  and  those  in  contact  with  them, 
if  this  has  not  already  been  done.  As  a  rule,  cultures  do  not  give  us 
as  much  information  as  to  the  gravity  of  the  case  as  the  clinical  ap- 
pearances, for  by  the  end  of  twenty-four  to  forty-eight  hours  the 
extent  of  the  disease  is  usually  possible  of  determination.  The  re- 
ported absence  of  bacilli  in  a  culture  must  be  given  weight  in  propor- 
tion to  the  skill  with  which  the  culture  was  made,  the  suitableness  of 
the  media,  the  location  of  the  disease,  and  the  knowledge  and  experi- 
ence of  the  one  who  examined  it. 

Diphtheria  does  not  occur  without  the  presence  of  the  diphtheria 
bacilli ;  but  there  have  been  many  cases  of  diphtheria  in  which,  for 
one  or  another  reason,  no  bacilli  were  found  in  the  cultures  by  the 
examiner.  In  many  of  these  cases  later  cultures  revealed  them.  In 
a  convalescent  case  the  absence  of  bacilli  in  any  one  culture  indicates 
that  there  are  certainly  not  many  bacilli  left  in  the  throat  Only 
repeated  cultures  can  prove  their  total  absence. 

Technique  of  the  Bacteriologio  Diagnosis. — Collection  of  the  Blood 
Serum  and  its  Preparation  for  Use  in  Cidtures. — ^A  covered  glass 
jar,  which  has  been  thoroughly  cleansed  with  hot  water,  is  taken  to 
the  slaughter-house  and  filled  with  freshly  shed  blood  from  a  calf  or 
sheep.  The  blood  is  received  directly  in  the  jar  as  it  spurts  from  the 
cut  in  the  throat  of  the  animal.  After  the  edge  of  the  jar  has  been 
wiped  it  is  covered  with  the  lid  and  set  aside,  where  it  may  stand 
quietly  until  the  blood  has  thoroughly  clotted.  The  jar  is  then  car- 
ried to  the  laboratory  and  placed  in  an  ice-chest.  If  the  jar  contain- 
ing the  blood  is  carried  about  before  the  latter  has  clotted,  very  imper- 
fect separation  of  the  senmi  will  take  place.  It  is  well  to  inspect  the 
blood  in  the  jar  after  it  has  been  standing  a  few  hours,  and,  if  the 
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dot  is  found  adhering  to  the  sides,  to  separate  it  by  a  rod.  The  blood 
is  allowed  to  remain  twenty-four  hours  on  the  ice,  and  then  the  serum 
which  surroimds  the  clot  is  syphoned  off  by  a  rubber  tube  and  mixed 
with  one-third  its  quantity  of  nutrient  beef -broth,  to  which  1  per  cent, 
glucose  has  been  added.  This  constitutes  the  Loeffler  blood-serum 
mixture.  This  is  poured  into  tubes,  which  should  be  about  four 
inches  in  length  and  one-half  of  an  inch  in  diameter,  having  been 
previously  plugged  with  cotton  and  sterilized  by  dry  heat  at  150°  C. 
for  one  hour.  Care  should  be  taken  in  filling  the  tubes  to  avoid  the 
formation  of  air  bubbles,  as  they  leave  a  permanently  uneven  surface 
when  the  serum  has  been  coagulated  by  heat  To  prevent  this  the 
end  of  the  pipette  or  funnel  which  contains  tiie  serum  should  be  in- 
serted well  into  the  test-tube.  About  3  cc.  are  sufficient  for  each 
tube  if  the  small  size  is  employed,  if  not  5  cc.  are  required.  The 
tubes,  having  been  filled  to  the  required  height,  are  now  to  be  coagu- 
lated and  sterilized.  They  are  placed  slanted  at  the  proper  angle 
and  then  kept  for  two  hours  at  a  temperature  just  below  95*^  C.  For 
this  purpose  a  Koch  serum  coagulator  or  a  double  boiler  serves  best, 
though  a  steam  sterilizer  will  suffice.  If  the  latter  is  used  a  wire 
frame  must  be  arranged  to  hold  the  tubes  at  the  proper  inclination, 
and  the  degree  of  heat  must  be  carefully  watched,  as  otherwise  the 
temperature  may  go  too  high,  and  if  the  serum  is  actually  boiled  the 
culture  medium  will  be  spoiled.  After  sterilization  by  this  process 
the  tubes  containing  the  sterile,  solidified  blood  serum  can  be  placed 
in  covered  tin  boxes,  or  stopped  with  sterile  paraffined  corks  and  kept 
for  months.     The  serum  thus  prepared  is  quite  opaque  and  firm. 

Swab  for  Inocvldting  Ctdture  Tvbes. — The  swab  we  use  to  inocu- 
late the  serum  is  made  as  follows :  A  stiff,  thin,  iron  rod,  six  inches 
in  length,  is  roughened  at  one  end  by  a  few  blows  of  a  hammer,  and 
about  this  end  a  little  absorbent  cotton  is  firmly  wound.  Each  swab 
is  then  placed  in  a  separate  glass  tube,  and  the  mouths  of  the  tubes 
are  plugged  with  cotton.  The  tubes  and  rods  are  then  sterilized  by 
dry  heat  at  about  150°  C.  for  one  hour,  and  stored  for  future  use. 
These  cotton  swabs  have  proved  much  more  serviceable  for  making 
inoculations  than  platinum-wire  needles  or  wooden  sticks,  especially 
in  young  children  and  in  laryngeal  cases.  It  is  easier  to  use  the  cot- 
ton swab  in  such  cases,  and  it  gathers  up  so  much  more  material  for 
the  inoculation  that  it  has  seemed  more  reliable. 

For  convenience  and  safety  in  transportation  "  culture  outfits  '^ 
have  been  devised,  which  consist  usually  of  a  small  wooden  box  con- 
taining a  tube  of  blood  serum,  a  tube  holding  a  swab,  and  a  record 
blank.  These  "  culture  outfits  "  may  be  carried  or  sent  by  messenger 
or  express  to  any  place  desired. 

Directions  for  Inoculating  Culture  Tubes  tvith  the  Exudate. — The 
patient  is  placed  in  a  good  light,  and,  if  a  child,  properly  held.  The 
swab  is  removed  from  its  tube,  and,  while  the  tongue  is  depressed  with 
a  spoon,  is  passed  into  the  pharynx  (if  possible,  without  touching  the 
tongue  or  other  parts  of  the  mouth)  and  is  rubbed  gently  but  firmly 
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against  any  visible  membrane  on  the  tonsils  or  in  the  pharynx,  and 
then,  without  being  laid  down,  the  swab  is  immediately  inserted  in 
the  blood-serum  tube,  and  the  portion  which  has  previously  been  in 
contact  with  the  exudate  is  rubbed  a  number  of  times  back  and  forth 
over  the  whole  surface  of  the  senmi.  This  should  bq  done  thoroughly, 
but  it  is  to  be  gently  done,  so  as  not  to  break  the  surface  of  the  serum. 
The  swab  should  then  be  placed  in  its  tube,  and  both  tubes,  thin  cotton 
plugs  having  been  inserted,  are  reserved  for  examination  or  sent  to 
the  laboratory  or  collecting  station  (as  in  New  York  City).  If  sent 
to  the  health  department  laboratories  for  examination  the  blank  forms 
of  report  which  usually  accompany  each  "  outfit "  should  be  filled  out 
and  forwarded  with  the  tubes. 

Where  there  is  no  visible  membrane  (it  may  be  present  in  the  nose 
or  larynx)  the  swab  should  be  thoroughly  rubbed  over  the  mucous 
membrane  of  the  pharynx  and  tonsils,  and  in  the  nasal  cavities,  and  a 
culture  made  from  these.  In  very  young  children  care  should  be 
taken  not  to  use  the  swab  when  the  tiiroat  contains  food  or  vomited 
matter,  as  then  the  bacteriological  examination  is  rendered  more  dif- 
ficult Under  no  conditions  should  any  attempt  be  made  to  collect 
the  material  shortly  after  the  application  of  strong  disinfectants 
(especially  solutions  of  corrosive  sublimate)  to  the  throat. 

Examination  of  Cultures. — The  culture  tubes  which  have  been 
inoculated,  as  described  above,  are  kept  in  an  incubator  at  37°  C.  for 
twelve  hours,  and  are  then  ready  for  examination.  When  great  haste 
is  required,  even  five  hours  will  often  suffice  for  a  sufficient  growth  of 
bacteria  for  a  skilled  examiner  to  decide  as  to  the  presence  or  absence 
of  the  bacilli.  On  inspection  it  will  be  seen  that  the  surface  of  the 
blood  serum  is  dotted  with  numerous  colonies,  which  are  just  visible. 
No  diagnosis  can  be  made  from  simple  inspection;  if,  however,  the 
serum  is  found  to  be  liquefied  or  shows  other  evidences  of  contamina- 
tion the  examination  will  probably  be  unsatisfactory. 

In  order  to  make  a  microscopic  preparation  a  clean  platinum 
needle  is  inserted  in  the  tube  and  quite  a  large  number  of  colonies  are 
swept  with  it  from  the  surface  of  the  culture  medium,  a  part  being , 
selected  where  small  colonies  only  are  found.  A  sufficient  amount  of 
the  bacteria  adherent  to  the  needle  is  washed  off  in  the  drop  of  water 
previously  placed  on  the  cover-glass  and  smeared  over  its  surface. 
The  bacteria  on  the  glass  are  then  allowed  to  dry  in  the  air.  The 
cover-glass  is  then  passed  quickly  through  the  flame  of  a  Bunsen 
burner  or  alcohol  lamp,  three  times  in  the  usual  way,  covered  with  a 
few  drops  of  Loeffler's  solution  of  alkaline  methylene  blue,  and  left 
without  heating  for  five  to  ten  minutes.  It  is  then  rinsed  off  in  clear 
water,  dried,  and  mounted  in  balsam.  When  other  methods  of  stain- 
ing are  desired  they  are  carried  out  in  the  proper  way. 

In  the  great  majority  of  cases  one  of  two  pictures  will  be  seen  with 
the  t^  oil-immersion  lens — either  an  enormous  number  of  character- 
istic Loeffler  bacilli,  with  a  moderate  number  of  cocci,  or  a  pure  cul- 
ture of  cocci,  mostly  in  pairs  or  short  chains.     (See  Streptococcus.) 
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In  a  few  cases  there  will  be  an  approximately  even  mixture  of  Loeffler 
bacilli  and  cocci,  and  in  others  a  great  excess  of  cocci.  Besides  these, 
there  will  be  occasionally  met  preparations  in  which,  with  the  cocci, 
there  are  mingled  bacilli  more  or  less  resembling  the  Loeffler  bacilli. 
These  bacilli,  which  are  usually  of  the  pseudodiphtheria  type  of 
bacilli  (see  Fig.  63),  are  especially  frequent  in  cultures  from  the 
nose. 

In  not  more  than  one  case  in  twenty  will  there  be  any  serious  diffi- 
culty in  making  the  diagnosis,  if  the  serum  in  the  tube  was  moist  and 
had  been  properly  inoculated.  In  such  a  case  another  culture  must 
be  made  or  the  bacilli  plated  out  and  tested  in  pure  culture. 

Direct  Microscopic  Examination  of  the  Exudaie. — An  immediate 
diagnosis  .without  the  use  of  cultures  is  often  possible  from  a  micro- 
scopic examination  of  the  exudate.  This  is  made  by  smearing  a 
slide  or  cover-glass  with  a  little  of  the  exudate  from  the  swab,  drying, 
heating,  staining,  and  examining  it  microscopically.  This  examina- 
tion, however,  is  much  more  difficult,  and  the  results  are  more  uncer- 
tain than  when  the  covers  are  prepared  from  cultures.  The  bacilli 
from  the  membrane  are  usually  less  typical  in  appearance  than  those 
found  in  cultures,  and  they  are  mixed  with  fibrin,  pus,  and  epithelial 
cells.  They  may  also  be  very  few  in  number  in  the  parts  reached  by 
the  swab,  or  bacilli  may  be  met  with  which  closely  resemble  the 
Loeffler  bacilli  in  appearance,  but  which  differ  greatly  in  growth  and 
in  other  characteristics,  and  have  absolutely  no  connection  with  them- 
Wlien  in  a  smear  containing  mostly  cocci  a  few  of  these  doubtful  ba- 
cilli are  present,  it  is  impossible  either  to  exclude  or  to  make  the  diag- 
nosis of  diphtheria  with  certainty.  Although  in  some  cases  this  im- 
mediate examination  may  be  of  the  greatest  value,  it  is  not  a  method 
suitable  for  general  use,  and  should  always  be  controlled  by  cultures. 

When  carried  out  in  the  best  manner  an  experienced  bacteriologist 
may  obtain  remarkably  accurate  results.  Higley  in  New  York  in  a 
series  of  consecutive  throat  cases  made  the  same  diagnosis  from  the 
direct  examination  of  smears  as  the  Health  Department  laboratory 
,made  from  the  culture.  To  get  the  exudate  he  used  a  probe  armed 
with  a  loop  of  heavy  copper  wire  which  has  been  so  flattened  as  to 
act  as  a  blunt  curette.  He  makes  thus  thin  smears  from  the  exudate. 
After  drying  and  fixing  by  heat  the  smears  are  stained  for  five  sec- 
onds in  a  solution  made  by  adding  five  drops  of  Kiihne's  carbolic; 
methylene  blue  to  7  cc.  of  tap-water.  After  washing  and  drying 
stain  for  one  minute  in  a  solution  of  10  drops  of  carbol-fuchsin  in  T 
cc.  of  water.  The  dilute  solution  should  be  freshly  prepared.  The 
diphtheria  bacilli  will  appear  as  dark-red  or  violet  rods,  and  their 
contour,  mode  of  division,  and  arrangement  are  manifest 

Animal  Inoculation  as  a  Test  of  Virulence. — If  the  determination 
of  the  virulence  of  the  bacilli  found  is  of  importance,  animal  inocu- 
lations must  be  made.  Experiments  on  animals  form  the  only  method 
of  determining  with  certainty  the  virulence  of  the  diphtheria  bacil- 
lus.    For  this  purpose,  alkaline  broth  cultures  of  forty-eight  hours* 
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growth  should  be  used  for  the  subcutaneous  inoculation  of  guinea- 
pigs.  The  amount  injected  should  not  be  more  than  one-fifth  per 
cent*  of  the  body-weight  of  the  animal  inoculated,  unless  controls  with 
antitoxin  are  made.  In  the  large  majority  of  cases,  when  the  bacilli 
are  virulent,  this  amount  causes  death  within  seventy-two  hours.  At 
the  autopsy  the  characteristic  lesions  already  described  are  found. 
Bacilli  which  in  cultures  and  in  animal  experiments  have  shown 
themselves  to  be  characteristic  may  be  regarded  as  true  diphtheria 
bacilli,  and  as  capable  of  producing  diphtheria  in  man  under  favor- 
able conditions. 

For  an  absolute  test  of  specific  virulence  antitoxin  must  be  use*l. 
A  guinea-pig  is  injected  with  antitoxin,  and  then  this  and  a  control 
animal,  with  2  c.c  of  a  broth  culture  of  the  bacilli  to  be  tested;  if 
the  guinea-pig  which  received  the  antitoxin  lives,  while  the  control 
dies,  it  was  surely  a  diphtheria  bacillus  which  killed  by  means  of 
diphtheria  toxin — or,  in  other  words,  not  simply  a  virulent  bacillus, 
but  a  virulent  diphtheria  bacillus.  When  the  bacilli  to  be  tested 
grow  poorly  in  a  simple  nutrient  bouillon  they  should  be  grown  in 
bouillon  to  which  one-third  its  quantity  of  ascitic  fluid  has  been  added. 
Quite  a  number  of  bacilli  have  been  met  with  which  killed  250-gnn. 

Fig.  90 


Vincent's  Bacillus  with  accompanying  Spirochetes. 

guinea-pigs  in  doses  of  2  to  15  c.c,  and  yet  were  unaffected  by  anti- 
toxin. These  bacilli,  though  slightly  virulent  to  guinea-pigs,  pro- 
duce no  diphtheria  toxin,  and  so  cannot,  to  the  best  of  our  belief, 
produce  diphtheria  in  man. 

Vincent's  Angina. — The  local  symptoms  are  similar  to  a  slight 
case  of  diphtheria.  Exudate  or  pseudomembrane  forms  on  the  ton- 
sils and  tends  to  become  necrotic  leaving  a  superficial  ulcer,  which  is 
slow  in  healing.  The  general  disturbance  outside  a  little  fever  is 
usually  slight.    The  disease  runs  its  course  in  from  one  to  two  weeks. 
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It  has  been  frequently  noticed  that  the  disease  b^ns  with  an  erup- 
tion of  vesicles  as  in  aphthous  stomatitis.  Paralysis  never  follows 
from  this  infection.  The  bacilli  found  by  Vincent  in  the  lesions  are 
6  to  12/*  long  by  0.6  to  0.8/*  broad.  Their  ends  are  tapering.  They 
are  frequency  bent  like  the  letter  S  and  resemble  spirillse. 

The  bacilli  stain  with  methyl  blue  irregularly  so  that  light  and 
dark  bands  alternate  (see  Fig.  90). 

Stained  by  the  method  of  Eomanowsky  there  appear  sharply 
defined  chromatin  bodies  in  the  blue  stained  prot6plasm. 

The  bacilli  are  not  motile. 

These  spindle  shaped  bacilli  have  not  been  grown  in  pure  culture, 
indeed  there  is  doubt  as  to  their  nature,  some  considering  them  as 
being  spirochetes.  When  direct  smears  are  made  from  the  exudate 
tiny  spirochetes  are  usually  found  mixed  with  the  bacilli. 

Certain  necrotic  conditions  of  the  mucous  membrane  of  the  cheek 
and  about  the  teeth  are  accompanied  by  micro-organisms  very  simi- 
lar to  those  described  by  Vincent 


CHAPTER   XIX. 
THE  BACHiLUS  AND  THE  BACTERIOLOGY  OF  TETANUS. 

Tetanus  is  a  disease  which  is  characterized  by  a  gradual  onset  of 
general  spasm  of  the  voluntary  muscles,  commencing  in  man  most 
often  in  those  of  the  jaw  and  neck,  and  extending  in  severe  cases  to 
all  the  muscles  of  the  body.  The  disease  is  usually  associated  with 
a  wound  received  from  four  to  fourteen  days  previously. 

In  1884  Nicolaier,  under  Fliigge's  direction,  produced  tetanus  in 
mice  and  rabbits  by  the  subcutaneous  inoculation  of  particles  of  gar- 
den earth.  The  Italians,  Carle  and  Rattone,  had  just  before  demon- 
strated that  the  pus  of  an  infected  wound  from  a  person  attacked  with 
tetanus  could  produce  the  same  disease  in  rabbits,  and  showed  that 
the  disease  was  transmissible  by  inoculation  from  these  animals  to 
others.  Finally,  Kitasato,  in  1889,  obtained  the  bacillus  of  tetanus 
in  pure  culture  and  described  his  method  of  obtaining  it  and  its  bio- 
logical characters. 

Occurrence  in  Soil,  etc. — The  tetanus  bacillus  occurs  in  nature  as 
a  eommon  inhabitant  of  the  soil,  at  least  in  places  where  manure  has 
been  thrown,  being  abundant  in  many  localities,  not  only  in  the  super- 
ficial layers,  but  also  at  the  depth  of  several  feet.  It  has  been  found 
in  many  different  substances  and  places — in  hay-dust,  in  horse  and 
cow  manure  (its  normal  habitat  is  the  intestine  of  the  herbivora), 
in  the  mortar  of  old  masonry,  in  the  dust  from  horses'  hair ;  in  the 
dust  in  rooms  of  houses,  barracks,  and  hospitals ;  in  the  air,  and  in 
the  arrow  poison  of  certain  savages  in  the  New  Hebrides,  who  ob- 
tained it  by  smearing  the  arrow-heads  with  dirt  from  crab  holes  in 
the  swampe. 

The  tetanus  bacilli  are  apparently  more  numerous  in  certain 
localities  than  in  others — for  example,  some  parts  of  Long  Island  and 
Xew  Jersey  have  become  notorious  for  the  number  of  cases  of  tetanus 
caused  by  small  wounds — ^but  they  are  very  generally  distributed,  as 
the  experiments  on  animals  inoculated  with  garden  earth  have  shown, 
and  are  fairly  common  in  New  York  City.  In  some  islands  and 
countries  in  the  tropics  cases  of  puerperal  tetanus  and  tetanus  in  the 
newborn  are  very  frequent.  Tetanus  bacilli  are  found  in  the  in- 
testines of  about  15  per  cent,  of  horses  and  calves  living  in  the 
vicinity  of  New  York  City.  They  are  also  present  to  a  somewhat 
less  extent  in  the  intestines  of  other  animals  and  of  man. 

Morphology. — ^From  young  gelatin  cultures  the  bacilli  appear  as 
motile,  slender  rods,  with  rounded  ends,  0.5/*  to  0.8/*  in  diameter  by 
2fi  to  4/t  in  length,  usually  occurring  singly,  but,  especially  in  old 
cultures,  often  growing  in  long  threads.     They  form  round  spores, 
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thicker  than  tiie  cell  (from  1/*  to  1.5ft  in  diameter),  occupying  one  of 
its  extremities  and  giving  to  the  rods  the  appearance  of  small  pins 
(Fig.  91). 

Staining. — It  is  stained  with  the  ordinary  aniline  dyes,  and  is  not 
decolorized  by  Gram's  method.  The  spores  are  readily  stained  and 
may  be  demonstrated  by  double-staining  with  Ziehl's  method.  The 
flagella  are  fairly  easily  stained  in  very  young  cultures. 

Biology. — ^An  anaerobic,  liquefying,  moderately  motile  bacillus. 
It  has  abundant  peritrichie  flagella.  Forms  spores,  and  in  the  spore 
stage  it  is  not  motile.  It  grows  slowly  at  temperatures  from  20°  to 
24*^  C,  and  best  at  37°  C,  when  within  twenty-four  hours  it  forms 
spores.  It  will  not  in  pure  culture  grow  in  the  presence  of  oxygen 
or  carbon  dioxide  gas,  but  grows  well  in  an  atmosphere  of  hydrogen 
gas.  With  certain  other  bacteria  the  tetanus  bacillus  grows  luxuri- 
antly in  the  presence  of  oxygen. 

Growth  in  Media. — The  bacillus  of  tetanus  grows  in  ordinary  nutrient  gela- 
tin and  agar  of  a  slightly  alkaline  reaction.  The  addition  to  the  media  of 
1.5  per  cent,  of  glucose  causes  the  development  to  be  more  rapid  and  abund- 
ant. It  also  grows  abundantly  in  alkaline 
bouillon  in  an  atmosphere  of  hydrogen.  On 
gelatin  plates  the  colonies  develop  slowly; 
they  resemble  somewhat  the  colonies  of  the 
Bacillus  subtilis,  and  have  a  dense,  opaque 
centre  surrounded  by  fine,  diverging  rays. 
Liquefaction  takes  place  more  slowly,  how- 
ever, than  with  Bacillus  subtilis,  and  the  re- 
semblance to  these  colonies  is  soon  lost. 

The  colonies  on  agar  are  quite  character- 
istic. To  the  naked  eye  they  present  the 
appearance  of  light,  fleecy  clouds;  under 
the  microscope,  a  tangle  of  fine  threads. 

The  stab  cultures  in  gelatin  exhibit 
the  appearance  of  a  cloudy,  linear  mass, 
with  prolongations  radiating  into  the 
gelatin  from  all  sides  (arborescent  growth). 
Liquefaction  takes  place  slowly,  generally  with  the  production  of  gas. 
In  stab  cultures  in  agar  a  gi-owth  occurs  not  unlike  in  structure  that 
of  a  miniature  pine-tree.  Alkaline  bouillon  is  rendered  somewhat  turbid  by 
the  growth  of  the  tetanus  bacillus.  In  all  cases  a  production  of  gas  results, 
accompanied  by  a  characteristic  and  very  disagreeable  odor.  It  develops  in 
milk  without  coagulating  it. 

Resistance  of  Spores  to  Deleterious  Influences. —The  spores  of  the 
tetanus  bacillus  are  very  resistant  to  outside  influences;  in  a  desic- 
cated condition  they  may  retain  their  vitality  for  several  years,  and 
are  not  destroyed  in  two  and  a  half  months  when  present  in  putrefy- 
ing material.  They  withstand  an  exposure  of  one  hour  to  80^  C, 
but  are  killed  by  an  exposure  of  ten  minutes  at  105°  C.  to  live  steam. 
They  resist  the  action  of  5  per  cent  carbolic  acid  for  ten  hours.  A 
5  per  cent,  solution  of  carbolic  acid,  however,  to  which  0.5  per  cent, 
of  hydrochloric  acid  has  been  added,  destroys  them  in  two  hours. 
They  are  killed  when  acted  upon  for  three  hours  by  bichloride  of 


Tetanus  bacilli  with  spores  in  dis- 
tended ends.     X  1100  diameters. 
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mercury  (1 :  1000),  and  in  thirty  minutes  when  0.5  per  cent.  HCl  is 
added  to  the  solution.  Silver  nitrate  solutions  destroy  the  spores  of 
average  resistance  in  one  minute  in  1  per  cent,  solution  and  in  about 
five  minutes  in  1 :  1000  solution. 

With  regard  to  the  persistence  of  tetanus  spores  upon  objects  where 
they  have  found  a  resting  place,  Henrijean  reports  that  by  means 
of  a  splinter  of  wood  which  had  once  caused  tetanus  he  was  able 
after  eleven  years  again  to  cause  the  disease  by  inoculating  an  ani- 
mal with  the  infective  material. 

Isolation  of  Pure  Otdtures.— The  growth  of  the  tetanus  bacillus  in 
the  animal  body  is  comparatively  scanty,  and  is  usually  associated 
with  that  of  other  bacteria;  hence,  the  organism  is  difficult  to  obtain 
in  pure  culture.  The  method  of  procedure  proposed  by  Kitasato, 
which,  however,  is  not  always  successful,  consists  in  inoculating 
slightly  alkaline  nutrient  agar  or  glucose  bouillon  with  the  tetanus- 
bearing  material  (pus  or  tissue  from  the  inoculation  wound),  keep- 
ing the  culture  under  anaerobic  conditions  for  twenty-four  to  forty- 
eight  hours  at  a  temperature  of  37°  C,  and,  after  the  tetanus  spores 
have  formed,  heating  it  for  one-half  an  hour  at  80°  C,  to  destroy  the 
associated  bacteria.  The  spores  of  the  tetanus  bacillus  are  able  to 
survive  this  exposure,  so  that  when  anaerobic  cultures  are  then  made 
in  the  usual  way  the  tetanus  colonies  develop.  When  the  tetanus 
bacilli  are  the  only  spore-bearing  bacteria  present,  pure  cultures  are 
readily  obtained;  when  other  spore-bearing  anaerobic  bacteria  are 
present,  the  isolation  of  a  pure  culture  may  be  a  matter  of  difficulty. 

Pathogenesis. — In  mice,  guinea-pigs,  rabbits,  horses,  goats,  and  a 
number  of  other  animals  inoculations  of  pure  cultures  of  the  tetanus 
bacillus  cause  typical  tetanus  after  an  incubation  of  from  one  to  three 
days.  A  mere  trace  of  an  old  culture — only  as  much  as  remains 
clinging  to  a  platinum  needle — is  often  sufficient  to  kill  very  suscep- 
tible animals  like  mice  and  guinea-pigs.  Other  animals  require  a 
larger  amount  Eats  and  birds  are  but  little  susceptible,  and  fowls 
scarcely  at  all.  Man  is  more  susceptible  than  any  of  the  animals  so 
far  tested.  A  horse  is  about  six  times  as  sensitive  as  a  guinea-pig 
and  three  hundred  thousand  tiroes  as  sensitive  as  a  hen.  It  is  a 
remarkable  fact  that  an  amount  of  toxin  sufficient  to  kill  a  hen  would 
suffice  to  kill  500  horses.  It  is  estimated  that  if  1  gram  of  horse 
requires  1  p^irt  of  toxin  to  kill,  then  1  gram  of  guinea-pis^  requires 
6  parts,  1  of  mouse  12,  of  goat  24,  of  dog  500,  of  rabbit  1500,  of 
cat  6000,  of  hen  360,000.  Cultures  from  different  cases  vary  greatly 
in  their  toxicity.  On  the  inoculation  of  less  than  a  fatal  dose  in  test 
animals  a  local  tetanus  m«y  be  produced,  which  lasts  for  days  and 
weeks  and  then  ends  in  recovery.  On  killing  the  animal  there  is 
found  at  autopsy,  just  at  the  point  of  inoculation,  a  hemorrhagic  spot, 
and  no  changes  other  than  these  here  or  in  the  internal  ors^ans.  A 
few  tetanus  bacilli  may  be  detected  locallv  with  great  difficulty,  often 
none  at  all;  possibly  a  few  may  be  found  in  the  region  of  the  neigh- 
boring lymphatic  glands.     From  this  scanty  occurrence  of  bacilli  the 
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conclusion  has  been  reached  that  the  bacilli  of  tetanus,  when  inocu- 
lated in  pure  culture,  do  not  multiply  to  any  great  extent  in  the  living 
body,  but  only  produce  lesions  through  the  absorption  of  the  poison 
which  they  develop  at  the  point  of  infection.  It  has  been  found  that 
pure  cultures  of  tetanus,  after  the  germs  have  sporulated  and  the  tox- 
ins been  destroyed  by  heat^  can  be  injected  into  animals  without  pro- 
ducing tetanus.  But  if  a  culture  of  non-pathogenic  organisms  is 
injected  simultaneously  with  the  spores,  or  if  there  is  an  effusion  of 
blood  at  the  point  of  injection,  or  if  there  was  a  previous  bruising 
of  the  tissues,  the  animals  surely  die  of  tetanus.  Even  irritating 
foreign  bodies  have  been  introduced  along  with  the  spores  deprived 
of  their  toxins,  and  tetanus  did  not  develop;  but  if  the  wounds  con- 
taining the  foreign  bodies  became  infected  with  other  bacteria,  tetanus 
developed  and  the  animal  died.  From  such  experiments  it  seems 
that  a  mixed  infection  aids  greatly  in  the  development  of  tetanus 
when  the  infection  is  produced  by  spores  not  accompanied  by  tetanus 
toxin. 

Natural  Infection. — ^Here  the  infection  may  be  considered  as  prob- 
ably produced  by  the  bacilli  in  their  spore  state,  and  the  conditions 
favoring  infection  are  almost  always  present  A  wound  of  some  kind 
has  occurred,  penetrating  at  least  through  the  skin,  though  perhaps 
of  a  most  trivial  character,  such  as  might  be  caused  by  a  dirty  splin- 
ter of  wood,  and  the  bacilli  or  their  spores  are  thus  introduced  from 
the  soil  in  which  they  are  so  widely  distributed.  If  in  any  given 
case,  the  tissues  being  healthy,  the  ordinary  saprophytic  germs  are 
killed  by  proper  disinfection  at  once,  a  mixed  infection  does  not  take 
place,  and  tetanus  will  not  develop.  If,  however,  the  tissues  infected 
be  badly  bruised  or  lacerated,  the  spores  may  develop  and  produce 
the  disease.     Gelatin  is  occasionally  found  to  contain  tetanus  spores. 

Tetanus  in  Man. — ^Man  and  almost  all  domestic  animals  are  sub- 
ject to  tetanus.  It  is  a  comparatively  rare  disease  except  after  the 
Fourth  of  July  celebration,  when  throughout  the  United  States  a 
considerable  number  of  cases  develop.  In  some  years  more  than  one 
hundred  persons  develop  tetanus  after  blank  cartridge  wounds.  On 
examination  of  an  infected  individual  very  little  local  evidence  of 
the  disease  can  be  discovered.  Generally  at  the  point  of  infection, 
if  there  is  an  external  wound,  some  pus  is  to  be  seen,  in  which,  along 
with  numerous  other  bacteria,  tetanus  bacilli  or  their  spores  may  be 
found.  Although  rather  deep  wounds  are  usually  the  seat  of  infec- 
tion, at  times  such  superficial  woimds  as  an  acne  pustule  or  a  vac- 
cination may  give  the  occasion  for  infection.  Not  only  undoubted 
traumatic  tetanus,  but  also  all  the  other  forms  of  tetanus,  are  now 
conceded  to  be  produced  by  the  tetanus  bacillus — puerperal  tetanus, 
tetanus  neonatorum,  and  idiopathic  tetanus.  In  tetanus  neonatorum 
infection  is  introduced  through  the  navel,  in  puerperal  tetanus 
through  the  inner  surface  of  the  uterus.  It  should  be  borne  in  mind 
that  when  there  is  no  external  and  visible  wound  there  may  be  an 
internal  one.     The  lesions  in  the  nervous  system  are  still  obscure. 


THE   BACILLUS   OF   TETANUS,  239 

G)ngestion,  cellular  exudate  into  the  perivascular  spaces,  and  chro- 
matolysis  of  the  ganglion  cells  are  common.  This  is  a  pure  toxemic 
disease. 

Toxms  of  the  Tetanus  Bacillus. — It  is  evident  from  the  localization 
of  the  tetanus  bacilli  at  the  point  of  inoculation  and  their  slight  mul- 
plication  at  this  point  that  they  exert  their  action  through  the  pro- 
duction of  powerful  toxins.  These  toxins  are  named,  according  to 
their  action,  the  tetanospasmin  and  the  tetanolysin.  One  one-hun- 
dredth of  a  milligram  of  the  filtrate  of  an  eight-day  glucose  bouillon 
culture  of  a  fully  virulent  bacillus  is  sufficient  to  kill  a  mouse.  From 
this  filtrate,  however,  the  active  toxic  substance  has  been  obtained  in 
a  much  more  concentrated  form.  The  purified  and  dried  tetanus 
toxin  prepared  by  Brieger  and  Cohn  was  surely  fatal  to  a  15-gram 
mouse  in  a  dose  of  0.00000005  gram.  The  appalling  strength  of 
tetanus  toxin  may  readily  be  appreciated  when  it  is  stated  that  it  is 
twenty  times  as  poisonous  as  dried  cobra  venom. 

The  quantity  of  the  toxin  produced  in  nutrient  media  varies  ac- 
cording to  the  age  of  the  culture,  the  composition  of  the  culture  fluid, 
reaction,  completeness  of  the  exclusion  of  oxygen,  etc  The  variation 
in  strength  is  partly  due  to  the  extreme  sensitiveness  of  the  toxin, 
which  deteriorates  on  keeping  or  on  exposure  to  light,  being  also 
sensibly  affected  by  most  chemical  reagents  and  destroyed  by  heating 
to  55°  to  60°  C.  for  any  length  of  time.  It  retains  its  strength  best 
when  protected  from  heat,  light,  oxygen,  and  moisture.  Under  the 
best  conditions  the  amount  of  toxin  produced  in  cultures  by  the  fifth 
day  is  such  that  0.000005  c.c.  is  the  fatal  dose  for  a  15-gram  mouse. 

The  tetanus  cultures  retain  their  ability  to  produce  toxins  unaltered 
when  kept  under  suitable  conditions ;  but  when  subjected  to  deleteri- 
ous influences  they  may  entirely  lose  it.  The  usual  medium  for  the 
development  of  the  toxin  is  a  slightly  alkaline  bouillon  containing  1 
per  cent-  of  peptone  and  0.5  per  cent,  salt  The  addition  of  more 
than  a  trace  of  sugar  or  glycerin  is  to  be  avoided,  as  the  acid  pro- 
duced injures  the  toxin. 

Action  of  Tetanus  Toxin  in  the  Body. — After  the  absorption  of  the 
poison  there  is  a  lapse  of  time  before  any  effects  are  noticed.  With 
an  enormous  amount,  such  as  30,000  fatal  doses,  this  is  about  twelve 
hours ;  with  ten  fatal  doses,  thirty-six  to  forty-eight  hours ;  with  two 
fatal  doses,  two  to  three  days.  Less  than  a  fatal  dose  will  produce 
local  symptoms.  The  parts  first  to  be  affected  with  tetanus  are,  in 
about  one-third  of  the  cases  in  man  and  usually  in  animals,  the  mus- 
cles lying  in  the  vicinity  of  the  inoculation — ^for  instance,  the  hind 
foot  of  a  mouse  inoculated  on  that  leg  is  first  affected,  then  the  tail, 
the  other  foot,  the  back  and  chest  muscles  on  both  sides,  and  the  fore- 
legs, until  finally  there  is  a  general  tetanus  of  the  entire  body.  In 
mild  cases,  or  when  a  dose  too  small  to  be  fatal  has  been  received,  the 
tetanic  spasm  may  remain  confined  to  the  muscles  adjacent  to  the 
point  of  inoculation  or  infection.  The  symptoms  following  a  fatal 
dose  of  toxin  vary  greatly  with  the  method  of  injection.     Intraperi- 
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toneal  injection  is  followed  by  symptoms  which  can  hardly  be  distin- 
guished from  those  due  to  many  other  poisons.  Injection  into  the 
brain  is  followed  by  restlessness  and  epileptiform  convulsions.  The 
tetanus  toxins  undoubtedly  combine  readily  with  the  cells  of  the  cen- 
tral nervous  system.  They  also  combine  with  other  tissue  cells  with 
less  apparent  effects.  The  symptoms  in  tetanus  depend  upon  an  in- 
creased reflex  excitability  of  the  motor  cells  of  the  spinal  cord,  the 
medulla,  and  pons. 

Presence  of  Tetanus  Toxin  in  the  Blood  of  Infected  Animak. — 
The  blood  usually  contains  the  poison,  as  has  been  proved  experi- 
mentally on  animals.  Neisser  showed  that  the  blood  of  a  tetanic 
patient  was  capable  of  inducing  tetanus  in  animals  when  inject^ed 
subcutaneously.  In  St.  Louis  the  serum  of  a  horse  dying  of  tetanus 
was  given  by  accident  in  doses  of  5  to  10  c.c.  to  a  number  of  children,, 
with  the  development  of  fatal  tetanus.  In  this  connection  Bolton 
and  Fisch  showed  by  a  series  of  experiments  that  much  toxin  might 
accumulate  in  the  serum  before  symptoms  became  marked.  Ehrlich 
has  shown  that  besides  the  predominant  poison  which  gives  rise  to 
spasm  (tetanospasmin)  there  exists  a  poison  capable  of  producing 
solution  of  red  blood  corpuscles.  This  he  calls  tetanolysin.  It  was 
not  found  in  all  culture  fluids.  Whether  in  actual  disease  this  poison 
is  ever  in  sufficient  amount  to  cause  appreciable  harm  is  not  known. 
After  one  or  two  weeks  the  blood  becomes  antitoxic  even  though  the 
symptoms  persist. 

Tetanus  Antitoxin. — ^Behring  and  Kitasato  were  the  first  to  show 
the  possibility  of  immunizing  animals  against  tetanus  infection. 
The  entire  procedure  is  analogous  to  immunization  against  dijJi- 
theria.  The  treatment  of  tetanus  is  directed  against  the  action  of 
the  toxin  and  this  is  accomplished  by  the  neutralization  of  the  toxin 
by  antitoxin  in  the  body. 

The  immunizing  experiments  in  tetanus  have  borne  practical  fruit, 
for  it  was  through  them  that  the  principle  of  serum  therapeutics  first 
became  known — the  protective  and  curative  effects  of  the  blood  serum 
of  immunized  animals.  It  was  found  that  animals  could  be  pro- 
tected from  tetanus  infection  by  the  previous  or  simultaneous  injec- 
tion of  tetanus  antitoxin,  provided  that  such  antitoxic  serum  was 
obtained  from  a  thoroughly  immunized  animal.  From  this  it  was 
assumed  that  the  same  result  could  be  produced  in  natural  tetanus  in 
man.  Unfortunately,  however,  the  conditions  in  the  natural  disease 
are  very  much  less  favorable,  inasmuch  as  treatment  is  usually  com- 
menced not  shortly  after  the  infection  has  taken  place,  but  only  on 
the  appeaTance  of  tetanic  symptoms,  when  the  poison  has  already 
attacked  the  cells  of  the  central  nervous  system. 

The  tetanus  antitoxin  is  developed  in  the  same  manner  as  the  diph- 
theria antitoxin — by  inoculating  the  tetanus  toxin  in  increasing  doses 
into  horses.  The  toxin  is  produced  in  bouillon  cultures  grown  an- 
aerobically.  After  six  to  fifteen  days  the  culture  fluid  is  filtered 
through  porcelain,  and  the  germ-free  filtrate  is  used  for  the  inocula- 


TEE  BACILLUS   OF   TETANUS.  '  241 

tions.  The  horses  receive  5  q,.(^  as  the  initial  dose  of  a  toxin  of  which 
1  C.C.  kills  250,000  grams  of  guinea-pig,  and  along  with  this  a  suffi- 
cient amount  of  antitoxin  to  neutralize  it.  In  five  days  this  dose  is 
doubled,  and  then  every  five  to  seven  days  larger  amounts  are  given. 
After  the  third  injection  the  antitoxin  is  omitted.  The  dose  is  in- 
creased as  rapidly  as  the  horses  can  stand  it,  until  they  support  700 
to  800  C.C.  or  more  at  a  time.  This  amount  should  not  be  injected 
in  a  single  place,  or  severe  local  and  perhaps  fatal  local  tetanus  may 
develop.  After  some  months  of  this  treatment  the  blood  of  the  horse 
contains  the  antitoxin  in  sufficient  amount  for  therapeutic  use. 

Antitoxin  Unit  and  Technique  of  Testing  Antito^  Serum. — 
Tetanus  antitoxin  is  tested  exactly  in  the  same  manner  as  diphtheria 
antitoxin,  except  that  the  unit  is  diflerent.  In  April,  1907,  the  pro- 
ducers of  serum  in  the  United  States  agreed  to  a  unit  of  antitoxin 
which  is  approximately  ten  times  the  size  of  the  unit  of  diphtheria 
antitoxin.  A  unit  is  defined  as  the  amount  of  antitoxin  required  to 
be  mixed  with  1000  fatal  doses  of  tetanus  toxin  for  a  350-gram 
guinea-pig  in  order  to  neutralize  it  If  a  guinea-pig  is  protected 
from  death  for  four  days,  neutralization  is  considered  to  have  taken 
place.  The  United  States  government  has  adopted  this  unit  and 
supplies  the  different  producers  with  standardized  toxin.  The  amount 
of  antitoxic  serum  which  neutralizes  an  amount  of  test  toxin  which 
would,  destroy  40,000,000  grams  of  mouse  contains  1  unit  of  anti- 
toxin by  the  German  standard.  In  the  French  method  the  amount 
of  antitoxin  which  is  required  to  protect  a  mouse  from  a  dose  of 
toxin  sufficient  to  kill  in  four  days  is  determined,  and  the  strength 
of  the  antitoxin  is  stated  by  determining  the  amount  of  serum  re- 
quired to  protect  1  gram  of  animal.  If  0.001  c.c.  protected  a  10- 
grara  mouse  the  strength  of  that  serum  would  be  1 :  10,000.  The 
toxin  used  for  testing  is  preserved  by  precipitating  it  with  saturated 
ammonium  sulphate  and  drying  and  preserving  the  precipitate  in 
sealed  tubes.  As  required,  it  is  dissolved  in  10  per  cent  salt  solu- 
tion as  above  stated.  For  small  testing  stations  the  best  way  is  to 
obtain  some  freshly  standardized  antitoxin  and  compare  serums  with 
this. 

Persistence  of  Antitoxin  in  the  Blood. — ^Ransom  has  recently  shown 
that  the  tetanus  antitoxin,  whether  directly  injected  or  whether  pro- 
duced in  the  body,  is  eliminated  equally  rapidly  from  the  blood  of  an 
animal  provided  that  the  serum  was  from  an  animal  of  the  same 
species.  If  from  a  different  species  it  is  much  more  quickly  elim- 
inated. From  this  we  see  a  possible  explanation  of  the  fact  that 
immunity  in  man,  due  to  an  injection  of  the  antitoxic  serum  of  the 
horse,  is  less  persistent  than  immunity  conferred  by  an  attack  of  the 
disease. 

The  same  author  found  some  interesting  facts  in  testing  the  anti- 
toxic values  of  the  serum  of  an  immunized  mare,  of  its  foal,  and  of 
the  milk.  The  foal's  serum  was  one-third  the  strength  of  the  mare's, 
and  one  hundred  and  fifty  times  that  of  the  mare's  milk.  In  two 
17 
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months  the  mare^s  serum  lost  two-thirds  in  antitoxic  strength,  the 
foal's  five-sixths,  and  the  milk  one-half.  Injections  of  toxin  were 
then  given  the  mare,  so  that  it  doubled  its  original  strength  in  one 
month.  The  milk  increased  eightfold,  but  the  foal's  continued  to 
lose  in  antitoxin,  although  it  was  feeding  on  the  antitoxic  milk. 

Toxin  and  Antitoxin  in  the  Living  Organism.  Animal  Experi- 
ments.— ^Very  recently  the  studies  of  H.  Meyer  and  Ransom  as  well 
as  those  of  Marie  and  Morax  in  Roux's  laboratory  have  thrown  con- 
siderable light  on  the  mudi  disputed  phenomena  observed  in  poison- 
ing by  tetanus  toxin.  The  investigations  of  Gumprecht  in  1895  had 
made  it  highly  probable  that  all  the  pathological  symptoms  were  due 
to  a  poisoning  of  the  central  nervous  system.  The  paths,  however, 
by  which  the  poison  reached  its  central  points  of  attack  were  still 
doubtful.  The  experiments  of  Meyer  and  Ransom  and  of  Marie  and 
Morax  have  proved  to  them  that  the  poison  is  transported  to  the  cen- 
tral nervous  system  by  way  of  the  motor  nerves — and  by  no  other 
channel.  So  far  as  the  experiments  are  concerned,  we  must  refer  the 
reader  to  the  original.  These  authors  thought  that  they  had  shown 
that  the  essential  element  for  the  absorption  and  transportation  of  the 
toxin  is  not  the  nerve  sheath  or  the  lymph  channels,  but  the  axis- 
cylinder,  the  intramuscular  endings  of  which  the  toxin  penetrates. 
The  poison  is  taken  up  quite  rapidly.  Marie  and  Morax  were  able 
to  demonstrate  the  poison  in  the  corresponding  nerve  trunk  (sciatic) 
one  and  a  half  hours  after  the  injection.  Absorption,  however,  and 
conduction  are  dependent  to  a  large  extent  on  the  nerves  being  intact. 
A  nerve  cut  across  takes  very  much  longer  to  take  up  the  poison 
(about  twenty-four  hours),  and  a  degenerated  nerve  takes  up  no 
poison  whatever.  In  other  words,  we  see  that  section  of  the  nerve 
prevents  the  absorption  of  the  poison  by  way  of  the  nerve  channels. 
Similarly  section  of  the  spinal  cord  prevents  the  poison  from  ascend- 
ing to  the  brain. 

According  to  Meyer  and  Ransom  the  reason  why  the  sensory  nerves 
do  not  play  any  role  in  the  conduction  of  the  poison  lies  in  the  pres- 
ence of  the  spinal  ganglion,  which  places  a  bar  to  the  advance  of  the 
poison.  Injections  of  toxin  into  the  posterior  root  leads  to  a  tetanus 
dolorosus,  which  is  characterized  by  strictly  localized  sensitiveness  to 
pain. 

Ascending  centripetally  along  the  motor  paths  the  poison  reaches 
the  motor  spinal  ganglia  on  the  side  of  inoculation ;  then  it  affects  the 
ganglia  of  the  opposite  side,  making  them  hypersensitive.  The  vis- 
ible result  of  this  is  the  highly  increased  muscle  tonus — i.  e.,  rigidity. 
If  the  supply  continues,  the  toxin  next  affects  the  nearest  sensory 
apparatus;  there  is  an  increase  in  the  reflexes,  but  only  when  the 
affected  portion  is  irritated.  In  the  further  course  of  the  poisoning 
the  toxin  as  it  ascends  continues  to  affect  more  and  more  motor  cen- 
tres, and  also  the  neighboring  sensory  apparatus.  This  leads  to 
spasm  of  all  the  striated  muscles  and  general  reflex  tetanus. 

A  different  explanation  of  the  passage  of  the  toxin  up  the  nerve 
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trunks  has  recently  been  discovered.  It  is  well  known  that  the  lymph 
flow  in  nerves  is  from  the  periphery  to  the  center,  and  Field  in  our 
laboratory  has  shown  that  not  only  tetanus  toxin,  but  diphtheria 
toxin,  and  inert  colloids  can  be  demonstrated  in  the  sciatic  nerves 
after  they  have  been  injected  subcutaneously  or  intramusculariy,  and 
after  varying  periods  may  be  found  in  the  spinal  cord.  H©  believes 
that  the  toxins  are  absorbed  by  way  of  the  lymphatics  of  the  nerves, 
and  not  by  way  of  the  axis-cylinder. 

A  recent  experiment  of  Cemovodeanu  and  Henni  almost  proves 
this  contention.  They  ligated  all  the  muscles  and  blood  vessels  in 
a  guinea-pig's  leg,  leaving  intact  only  the  sciatic  nerve,  skin  and  bone, 
and  then  injected  a  large  amount  of  tetanus  toxin  below  the  point  of 
ligation.  The  animals  in  which  this  was  done  never  developed 
tetanus. 

In  this  case  there  was  only  a  very  slight  flow  of  lymph  into  the 
ligated  area,  and  so  there  could  be  only  a  slight  flow  up  the  nerve. 

If  the  toxin  gets  into  the  blood  the  only  path  of  absorption  to  the 
central  nervous  system  is  still  by  way  of  the  motor-nerve  tracts.  There 
seems  to  be  no  other  direct  path,  as,  for  example,  by  means  of  the 
bloodvessels  supplying  the  central  nervous  system.  Even  after  intro- 
ducing the  poison  into  the  subarachnoid  space,  owing  to  the  passage 
of  the  poison  into  the  blood,  there  is  a  general  poisoning  and  not  a 
cerebral  tetanus.  This  at  least  is  the  case  if  care  has  been  taken  dur- 
ing the  operation  to  avoid  injuring  the  brain  mechanically. 

Bapidity  of  Absorption  of  Tetanus  Antitoxin  from  Tissues. — 
The  complete  absorption  of  a  given  quantity  of  antitoxin  adminis- 
tered subcutaneously  takes  place  rather  slowly.  In  his  animal  ex- 
periments Knorr  found  the  maximum  quantity  in  the  blood  only 
after  twenty-four  to  forty  hours.  From  that  time  on  the  amount 
again  steadily  decreased,  so  that  by  the  sixth  day  only  one-third  the 
optimum  quantity  was  present  By  the  twelfth  day  only  one-fiftieth 
and  at  the  end  of  three  weeks  no  antitoxin  whatever  could  be  demon- 
strated. These  facts  emphasize  the  necessity  of  giving  the  first  dose 
in  a  case  of  tetanus  intravenously. 

Naturally  the  time  during  which  these  changes  take  place  varies 
with  the  application,  the  conditions  of  absorption,  and  the  concentra- 
tion and  amount  of  the  preparation  injected.  When  injected  intra- 
venously the  antitoxin  very  quickly  passes  into  the  lymph.  Ransom 
was  able  to  demonstrate  it  in  the  thoracic  duct  of  a  dog  a  few  minutes 
after  intravenous  injection.  Neither  the  central  nervous  system  nor 
the  peripheral  nervous  tissue  take  up  any  antitoxin  from  the  blood. 
Only  after  very  massive  intravenous  doses  are  small  traces  found  in 
the  cerebrospinal  fluid.  From  this  it  is  at  once  clear  that  passively 
and  actively  immunized  animals  become  tetanic  if  the  poison  is  in- 
jected directly  into  the  central  nervous  system  or  into  a  peripheral 
nerve.  Antitoxin  injected  subdurally  also  passes  almost  entirely  over 
into  the  blood. 

A  rapid  and  plentiful  appearance  of  antitoxin  in  the  blood  is 
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dependent  on  the  content  of  serum  in  antitoxin  units.  The  more 
units,  the  more  rapidly  will  the  blood  develop  a  high  content  of  anti- 
toxin ;  and  the  higher  this  is  the  more  thoroughly  will  the  tissue  fluids 
be  saturated  with  the  antitoxin. 

From  the  foregoing  it  is  not  difficult  to  formulate  the  conditions 
under  which  an  antitoxin  introduced  into  the  organism  can  exert  its 
neutralizing  power  on  the  toxin.  We  see  that  the  poison  deposited 
at  any  given  place  takes  either  of  two  paths  to  the  central  nervous 
system,  one  a  direct  path  by  way  of  the  local  peripheral  nerves  and 
the  other  an  indirect  path  through  the  lymph  channels  and  blood  to 
the  end  plates  of  all  other  motor  nerves.  From  intact  bloodvessels 
the  antitoxin  penetrates  neither  the  substance  of  the  peripheral  nerves 
nor  the  substance  of  the  central  nervous  system.  Hence,  only  that 
portion  can  be  neutralized  which  (a)  still  lies  unabsorbed  at  the  site 
of  inoculation,  or  (6)  which,  though  it  has  passed  into  the  blood,  has 
not  yet  been  taken  up  by  the  motor-nerve  endings.  A  curative  effect 
can  therefore  result  from  antitoxin  introduced  subcutaneously  or  in- 
travenously only  so  long  as  a  fatal  dose  of  poison  has  not  been  taken 
up  by  the  nerves.  After  this  has  occurred  an  action  of  the  antitoxin 
can  only  then  be  looked  for  when  it  is  injected  directly  into  the  nerve 
substance. 

So  long  as  the  toxin  circulates  in  the  blood  it  is  neutralized  by  anti- 
toxin in  about  the  same  proportion  as  in  test-tube  experiments.  By 
means  of  intravenous  injections  of  antitoxin  Ransom  was  able  to 
render  the  blood  free  from  toxin  in  a  very  few  minutes.  According 
to  Marie  and  Morax  toxin  injected  into  the  muscles  is  already  demon- 
strable in  the  nerve  tissue  at  the  end  of  one  and  a  half  hours — t.  e., 
it  has  already  entered  the  channel,  where  it  is  no  longer  reached  by 
the  antitoxin.  There  must,  however,  be  a  condition  or  locality  in 
which  the  toxin  can  still  be  neutralized  by  means  of  large  doses, 
though  with  difficulty.  This  is  indicated  among  other  experiments 
by  some  older  researches  of  Donitz.  This  observer  injected  various 
rabbits  intravenously  each  with  1  c.c.  of  a  toxin  solution  containing 
twelve  fatal  doses.  Thereupon  he  determined  the  dose  of  antitoxin 
which,  when  intravenously  given,  would  neutralize  this  poison  after 
various  intervals  of  time.  The  antitoxin  was  of  such  a  strength  that 
in  test-tube  experiments  1  c.c.  of  a  1 :  2000  solution  just  neutralized 
the  amount  of  toxin  employed.  He  found  that  at  the  end  of  two 
minutes  double  the  dose  required  in  vitro  would  still  neutralize  the 
poison;  at  the  end  of  four  minutes  about  four  times  the  dose  was 
required,  and  at  the  end  of  eight  minutes  ten  times.  When  one  hour 
had  been  allowed  to  elapse  forty  times  the  original  dose  just  sufficed 
to  protect  the  animal  from  death,  but  not  from  sickness.  In  order  to 
explain  these  results,  the  correctness  of  whidi  has  been  confirmed  by 
many  analogous  observations,  the  conception  "  loose  union  of  toxin  ^' 
has  been  introduced.  By  this  is  meant  a  state  of  union  between 
toxin  and  susceptible  cell  constituent  which  can  still  be  disrupted  by 
means  of  large  doses  of  antitoxin.     In  this  particular  instance  we  do 
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not  need  to  make  use  of  this  conception,  for  the  reason  that  the  tetanus 
toxin  is  not  at  all  combined  during  the  first  hour.  Personally,  we 
should  regard  it  as  more  probable  diat  the  interval  during  which  the 
toxin  can  still  be  neutralized,  though  with  difficulty,  corresponds  to 
that  time  during  the  passage  of  the  toxin  in  which  after  leaving  the 
capillaries  the  poison  is  held  up  in  the  fine  interstices  of  the  connec- 
tive tissue  which  it  must  penetrate  before  it  can  be  taken  up  by  the 
nerves. 

Results  of  the  Antitoxin  Treatment  in  Tetanus. — The  course  of 
tetanus  varies  so  much  with  the  individual  that  it  is  difficult  to  judge 
by  statistics  or  personal  experience  as  to  the  value  of  the  antitoxic 
treatment  of  the  developed  form.  It  is  interesting  to  note  that  the 
two  latest  authoritative  reviews  by  American  writers  differ  greatly 
in  their  conclusions.  Anders  and  Morgan  state,  "  The  present  status 
of  the  semm  question  leaves  no  room  for  doubting  that  when  given 
in  a  well-developed  case  of  tetanus,  antitoxin  does  not  have  any  appre- 
ciable beneficial  effect,  neither  the  mortality  being  reduced  nor  re- 
covery hastened  thereby."  McFarland  states  as  his  opinion,  "  It 
would  seem,  therefore,  that  we  have  in  tetanus  antitoxin  not  a  specific, 
because  it  fails  too  often  to  have  merited  that  name,  but  a  valuable 
remedy  in  the  treatment  of  the  disease,  and  one  that  ought  not  to  be 
neglected  until  a  better  one  is  supplied."  Our  own  opinion,  founded 
on  reading  and  personal  experience,  coincides  with  that  of  McFar- 
land. We  have  seen,  cases  of  generalized  tetanus  that  after  a  large 
intravenous  injection  have  markedly  improved  and  finally  recovered, 
and  these  cases  have  certainly  done  better  on  the  average  than  ap- 
parently similar  ones  receiving  palliative  treatment  alone.  Lambert, 
who  a  few  years  ago  made  an  exhaustive  study  of  tetanus,  states  that 
in  a  total  of  114  cases  of  this  disease  treated  with  antitoxin,  according 
to  published  and  unpublished  reports,  there  was  a  mortality  of  40.35 
per  cent.  Of  these,  47  were  acute  cases — that  is,  cases  with  an  incu- 
bation period  of  ei^t  days  or  less  and  with  rapid  onset,  or  cases  with 
a  longer  period  of  incubation,  but  intensely  rapid  onset  of  symptoms ; 
of  these  the  mortality  was  74.46  per  cent  Of  the  chronic  type — 
those  with  an  incubation  period  of  nine  days  or  more,  or  those  with 
shorter  incubation  with  slow  onset — there  were  61  cases,  with  a  mor- 
tality of  16.39  per  cent  With  a  still  larger  number  of  cases  the 
results  indicate  that  with  tetanus  antitoxin  about  20  per  cent  better 
results  are  obtained  than  without  In  our  own  diphtheria  antitoxin 
horses  we  used  to  lose  several  almost  every  year  until  we  immunized 
all  the  animals  every  three  months  with  about  5000  units  of  tetanus 
antitoxin. 

Method  of  Administering  Tetanus  Antitoxin. — For  immunization, 
about  1500  units  of  a  serum  of  medium  strength  will  suffice  unless 
the  danger  seems  great,  when  the  injection  is  repeated  at  the  end  of 
a  week.  For  treatment,  it  is  well  to  begin  with  3000  to  10,000  units, 
according  to  the  severity  of  the  case,  and  repeat  every  eight  to  twelve 
hours  until  the  symptoms  abate.     It  is  well  to  continue  decreasing 
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daily  injections  until  recovery  is  complete.  In  the  gravest  cases  no 
curative  effect  will  be  noticed  from  the  serum.  The  first  injections 
should  be  made  intravenously,  or  partly  intravenously  and  partly  into 
the  spinal  canal  through  lumbar  puncture.  Later,  injections  should 
be  made  subcutaneously  or  intravenously.  Besides  these,  injections 
should  be  made  into  all  the  nerve  trunks  leading  from  Ihe  infected 
region.  These  injections  should  be  made  as  near  the  trunk  as  pos- 
sible and  distend  the  nerve  so  as  partly  to  neutralize  and  partly 
mechanically  interrupt  the  passage  of  toxin  to  the  cord  or  brain.  In 
New  York  City  Rogers  has  had  good  results  by  following  these 
methods.  He  has  also  injected  the  antitoxin  directly  into  the  spinal 
cord.  The  method  of  injecting  from  3  to  15  ac.  of  antitoxic  serum 
into  the  lateral  ventricles  has  not,  in  the  writer's  opinion,  shown 
itself  to  be  advisable.  No  bad  results  have  followed  the  injections 
when  the  serum  was  sterile  and  the  operation  was  performed  asep- 
tically;  but  several  brain  abscesses  have  already  followed  the  intra- 
cerebral injections. 

The  striking  results  which  have  been  obtained,  particularly  in  vet- 
erinary practice,  with  the  prophylactic  injection  of  tetanus  antitoxin, 
would  seem  to  warrant  the  treating  of  patients  with  immunizing  doses 
of  serum — at  least,  in  neighborhoods  where  tetanus  is  not  uncommon 
— ^when  the  lacerated  and  dirty  condition  of  their  wounds  may  indi- 
cate the  possibility  of  a  tetanus  infection. 

Splendid  results  have  followed  this  practice  in  many  places.  It  is 
the  custom  at  many  dispensaries  in  New  York  City  and  elsewhere  to 
immunize  all  Fourth  of  July  wounds  by  injecting  10  cc  of  serum. 
None  of  these  have  ever  developed  tetanus.  Even  the  eleven  cases 
of  human  tetanus  reported  as  occurring  in  Europe  after  single  injec- 
tions of  antitoxin  prove  the  value  of  immunizing  injections,  for  the 
mortality  was  only  27  per  cent.  They  teach  also  that  where  tetanus 
infection  is  suspected  the  antitoxic  serum  should  be  given  a  second 
and  even  a  third  time  at  intervals  of  seven  days. 

In  cooperation  with  Dr.  Cyrus  W.  Field,  I  have  recently  tried  a 
number  of  experiments  upon  guinea-pigs  to  test*  the  importance  of 
intravenous  and  of  intraneural  injections  of  antitoxin  in  animals  in 
which  tetanus  had  already  developed.  Forty  guinea-pigs  have  been 
experimented  upon.  These  were  injected  in  the  lower  part  of  the 
hind  leg  with  ten  to  twenty  times  the  fatal  dose  of  a  mixture  of 
tetanus  toxin  and  bacilli.  Within  from  one  to  two  hours  after  the 
development  of  the  first  definite  symptoms  of  tetanus  the  animals 
were  operated  upon  and  given  antitoxin.  The  experiments  show 
clearly  that  moderate  doses  of  antitoxin  given  after  the  development 
of  tetanus  did  not  save  the  animals  from  death  or  even  prolong  life, 
while  very  large  doses  usually  did  both.  Seventy-five  per  cent,  of 
those  receiving  600  units  recovered.  The  surprising  result  devel- 
oped that  amputation  of  the  infected  leg  at  the  hip  joint  hastened 
the  death  of  the  animals  in  every  case.  Control  animals  which  had 
not  been  infected  stood  the  amputation  perfectly  well,  and  made  good 
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recoveries.  Without  antitoxin,  excision  of  a  piece  of  the  nerve  did 
not  materially  prolong  life,  nor  did  ligation  of  the  nerve.  In  the 
guinea-pigs  receiving  antitoxin  the  ligation  of  the  nerve  seemed  to  be 
of  benefit  The  results  of  the  experiments  showed  that  large  doses 
of  antitoxin  given  shortly  after  the  development  of  tetanus  usually 
saved  the  animals,  and  that  most  of  the  toxin  was  absorbed  by  the 
blood  and  not  by  the  nerves  of  the  infected  part  Every  minute  of 
delay  after  the  appearance  of  tetanus  was  of  importance.  I  feel  con- 
vinced that  in  human  tetanus  the  most  important  thing  is  to  give  at 
the  earliest  possible  moment  after  diagnosis  a  very  large  intravenous 
injection  of  antitoxin.  From  60  to  75  c.c.  of  the  most  potent  serum 
obtainable  should  be  given.  Ihiring  succeeding  days  injections  can 
be  given  either  intravenously  or  subcutaneously  until  marked  im- 
provement or  death  has  taken  place.  If  a  surgeon  is  at  hand  intra- 
neural injections  into  the  nerves  supplying  the  infected  portion  of 
the  body  may  also  be  given,  but  these,  I  believe,  are  not  usually  neces- 
sary if  the  large  intravenous  injections  have  been  given.  My  own 
experience  with  these  large  intravenous  injections  has  been  favorable. 

Differential  Diagnosis. —The  differential  diagnosis  of  the  bacillus 
of  tetanus  is,  generally  speaking,  not  difficult,  inasmuch  as  animal 
inoculation  affords  a  sure  test  of  the  specific  organism.  No  other 
microorganism  known  produces  similar  effects  to  tiie  tetanus  bacillus, 
nor  is  any  other  neutralized  by  tetanus  antitoxin.  The  other  charac- 
teristics also  of  this  bacillus  are  usually  distinctive,  though  micro- 
scopic examination  alone  cannot  be  depended  on  to  make  a  differen- 
tial diagnosis.  Difficulty  arises  when  other  anaerobic  or  aerobic 
bacilli,  almost  morphologically  identical  with  the  tetanus  bacillus,  are 
encountered  which  are  non-pathogenic,  such  as  the  BacUliLS  psevdo- 
tetanicvs  anaerobius,  already  mentioned,  and  the  Bacillus  psetulote- 
tanicus  aerohius.  It  is  possible,  however,  that  both  these  bacilli, 
when  characteristic  in  cultures,  are  only  varieties  of  the  tetanus  bacil- 
lus, which,  under  unfavorable  conditions  of  growth,  have  lost 'their 
virulence.  These  non-virulent  types  do  not,  as  a  rule,  have  spores 
absolutely  at  their  ends,  and  the  spores  themselves  are  usually  more 
ovoid  than  those  in  the  true  tetanus  bacilli. 

Methods  of  Examination  in  a  Oase  of  Tetanus. — (a)  Microscopic. — 
From  every  wound  or  point  of  suppuration  film  preparations  should 
be  made  and  stained  with  the  usual  dyes.  The  typical  spore-bearing 
forms  are  looked  for,  but  are  usually  not  found.  At  the  same  time 
other  bacteria  are  noted  if  present 

(6)  Cultures. — ^Bits  of  tissue,  pus,  cartridge  wads,  etc.,  are  col- 
lected and  dropped  into  glucose  bouillon  contained  in  small  flasks  or 
tubes.  This  bouillon  should  be  slightly  alkaline,  be  free  from  oxy- 
gen, and  protected  from  oxygen.  A  simple  way  is  to  cover  the  bouil- 
lon with  liquid  or  semisolid  paraffin,  and  thus  boil  it  Cultures 
placed  in  such  protected  bouillon  grow  readily. 

(c)  Inocidation. — A  salt  solution  emulsion  of  material  from  the 
wound  is  inoculated  into  mice  or  guinea-pigs  subcutaneously. 


CHAPTER  XX. 
INTESTINAL  BACTERIA. 

Significance  of  Bacteria  in  Intestines. — The  constant  presence  of 
great  numbers  of  bacteria  in  the  intestinal  tract  has  been  the  subject 
of  much  investigation,  which  has  given  somewhat  conflicting  results. 
Nuttall  and  Thierfelder  experimenting  with  guinea-pigs  succeede<l 
in  keeping  the  intestines  free  from  bacteria  for  a  limited  time.  The 
young  pigs  remained  well. 

In  connection  with  this  it  is  of  importance  to  note  that  Levin 
states  that  the  intestinal  tract  of  polar  animals  is  for  the  most  part 
sterile.  On  the  other  hand  Schottelius  fed  chickens  on  food  free 
from  bacteria,  and  found  that  it  interfered  with  their  development. 
However,  whether  or  not  the  presence  of  bacteria  in  the  intestinal 
canal  is  essential  to  the  animal  economy,  it  is,  nevertiieless,  evident 
that  micro-organisms  play  a  certain  role  in  aiding  or  inhibiting 
some  of  the  alimentary  processes  dependent  upon  biological  activity. 

Oonditions  Influencing  Development  of  Bacteria. — The  intestinal 
canal  presents  such  varying  conditions  dependent  upon  so  many  dif- 
ferent factors  that  of  necessity  its  flora  will  reflect  great  diversity.  As 
the  organisms  gain  access  to  tiie  tract  chiefly  through  the  air,  food  and 
drink  ingested,  the  character  of  these  will  influence  the  nature  of 
the  flora.  The  condition  of  the  oral  cavity  and  that  of  the  respiratory- 
passages  on  account  of  swallowing  bacteria  will  also  have  an  in- 
fluence on  the  kind  of  bacteria  found.  Some  few  micro-organisms, 
such  as  the  colon  group  and  the  obligate  anaerobes  have  become  es- 
tablished as  regular  inhabitants  of  the  intestines  and  find  in  the 
different  localities  of  the  canal  their  best  environment.  Together 
with  these  may  be  found  those  bacteria  which  having  been  ingested 
with  various  substances  have  survived  the  action  of  the  gastric  and 
intestinal  fluids.  The  length  of  time  which  the  intestinal  contents 
are  retained  at  any  one  point  of  the  tract  will  cause  an  increase  or 
decrease  of  certain  types,  as  well  as  the  total  number,  since  all  por- 
tions of  the  canal  are  not  equally  adapted  to  the  development  of  any 
one  species  nor  to  bacteria  as  a  class. 

Under  absolutely  normal  conditions  organisms,  whidi  are  not  de- 
stroyed, pass  through  the  intestinal  tract  without  entering  the  body 
of  the  host  but  if  injury  occurs  to  the  intestinal  wall  or  slight  defects 
exist  they  may  pass  into  the  circulation  and  Maklezow  claims  that 
after  twenty-two  hours  of  fecal  impaction,  intestinal  organisms  were 
found  in  the  circulation.  MacFayden  has  also  demonstrated  the 
same. 
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Eschericy  found  that  in  utero  and  immediately  after  birth  the 
meconium  is  sterile,  unless,  in  exceptional  cases  where  the  mother 
has  suffered  from  a  severe  bacterial  infection,  the  invading  organ- 
isms may  be  found  in  the  foetus.  From  three  to  seven  hours  after 
birth  a  few  bacilli,  cocci  and  yeasts  may  be  found,  having  presumably 
entered  by  the  anus ;  after  eighteen  hours  the  number  and  kinds  of 
bacteria  increase,  being  taken  in  by  the  food  or  the  swallowing  of 
saliva.  The  stools  of  artificially  fed  infants  show  a  greater  variety 
of  organisms  than  those  of  the  breast-fed  child. 

Anaerobic  Oonditlons  in  the  Intestines. — Virchow  first  questioned 
the  presence  of  free  oxygen  in  the  entire  intestinal  canal  and  con- 
cluded it  was  essentially  anaerobic,  the  oxygen  which  is  taken  in 
being  quickly  absorbed  or  combined  with  hydrogen. 

The  character  of  the  flora  also  indicates  an  anaerobic  condition 
of  the  small  intestines  with  more  or  less  aerobic  conditions  in  the 
lower  part  of  the  colon  and  rectum. 

Many  different  organisms  may  be  found  at  times  in  all  parts  of 
the  tract  but  each  species  finds  its  best  environment  in  some  one  lo- 
cation and  is  here  found  with  greater  frequency. 

Regional  Distribution  of  Bacteria  in  Digestive  Tract.— In  the 
stomach,  very  few  bacteria  develop,  the  sarcinse,  B.  gastricus  and 
doacsB  group  are  rather  constant,  the  larger  number  and  variety 
taken  in  being  destroyed  to  a  great  extent  by  the  gastric  juice. 

The  fact  that  great  numbers  of  bacteria  are  destroyed  by  the  diges- 
tive juices,  together  with  a  rapid  passage  of  the  partly  digested 
food  and  the  strict  anaerobic  condition,  accounts  for  the  very  few 
bacteria  that  are  usually  found  in  the  upper  part  of  the  small  in- 
testines. It  is  in  this  location  that  the  obligate  anaerobes,  which 
are  usually  spore  bearers  and  often  gram-positive  organisms  such  as 
the  putrificus  of  Beinstock,  capsulatus  aerogenes  and  B,  hifidiis  are 
usually  found.  In  the  colon  and  rectum  the  organisms  which  have 
been  held  in  check  by  the  above  chemical  and  mechanical  causes, 
finding  a  more  suitable  soil,  develop,  and  a  marked  increase  is  found 
in  the  B.  coli  group,  many  gram  positive  bacilli  and  cocci  of  various 
types.     Also  in  this  location  many  dead  forms  are  found. 

The  flora  can  be  materially  changed  in  dogs  by  the  diet,  as  has  been 
shown  by  Herter.  Lemke  and  MacFayden  demonstrated  the  same 
in  man. 

The  range  of  variation  of  the  bacteria  that  appear  normally  from 
time  to  time  in  the  intestina?  tract  is  so  very  great  that  no  one 
grouping,  except  in  the  most  general  sense,  such  as  fermenters  or 
non-fermenters  of  glucose,  anaerobes,  or  aerobes,  seems  to  apply  to 
all  cases.     Ford  isolated  50  distinct  species  from  tlie  human  faeces. 

Methods  Used  in  Examination  of  Normal  Faeces. — The  material  should 
be  taken  from  a  perfectly  fresh  stool,  preferably  after  a  dose  of  castor  oil 
has  been  given.    This  induces  a  quick  and  thorough  emptying  of  the  intes- 

^Eseherich,  Darmbakterien  des  Sauglings  und  ihre  Beziehungen  zur  Physiologie 
der  Yerdauung.    Stuttgart,  1886. 
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tinal  tract,  with  the  least  alteration  of  the  chemical  nature  of  the  f  89ce8.  The 
use  of  blind  tubes  or  flushing  are  apt  to  give  only  the  contents  of  the  lower 
part  of  the  colon  and  rectum  and  are  useful  only  when  the  examination  is 
to  be  limited  to  this  area. 

One  gram  of  the  material  is  placed  in  10  c.c.  of  normal  salt  solution  and 
thoroughly  broken  up  by  shaking.  Definite  amounts  of  this  emulsion  can 
be  used  for  plating.  Two  per  cent,  glucose  agar  with  defibrinated  blood 
added  to  it  is  very  satisfactory  for  the  isolation  of  anaerobes,  while  beerwort 
agar  (10  per  cent,  sterile  beerwort  added  to  the  usual  stock  agar)  is  used  for 
the  acidophile  group.  A  very  convenient  method,  according  to  Zinsser,  of 
growing  anaerobic  cultures  is  to  take  crystallizing  dishes  of  different  sizes 
so  that  one  dish  fits  within  the  other,  leaving  a  space  of  three-fourths  of  an 
inch  all  around.  The  larger  dish  is  placed  over  the  smaller  dish  as  a  cover, 
they  are  then  wrapped  in  filter  paper  and  in  this  way  can  be  easily  sterilized. 
When  ready  for  plating  1  c.c.  of  defibrinated  blood  is  placed  in  the  bottom 
of  the  smaUer  dish  and  into  this  is  poured  10  c.c.  of  glucose  agar  which  has 
been  inoculated  with  1/10  c.c.  of  the  above  emulsion.  By  gently  tipping  the 
di^  back  and  forth  the  blood  and  agar  become  very  well  mixed.  This  is 
covered  with  a  petri  dish  or  the  companion  crystallizing  dish  and  allowed  to 
stand  until  it  is  perfectly  cold.  In  the  larger  dish  are  placed  two  pieces,  about 
IV^  inches  to  2  inches  long,  of  caustic  soda  and  the  dish  is  filled  to  about  V^ 
its  capacity  with  pyrogallic  acid.  The  smaller  dish  is  carefully  inverted  over 
this  and  sufficient  sterile  water  poured  into  the  larger  dish  to  cover  the  acid. 
The  whole  is  then  sealed  with  paraffin  or  oil  poured  over  the  water  that  is 
collected  outside  the  smaller  dish;  this  prevents  continual  absorption  of  the 
oxygen  from  the  air.  Plates  are  made  from  beerwort  agar  and  grown  both 
anaerobically  and  aerobically.  Fishings  are  made  from  these  plates  upon  cor- 
responding tube  media  and  the  cultures  are  further  tested  on  such  media  as 
may  be  b^t  adapted  to  each  special  organism. 

Substitution  of  One  Variety  of  Bacteria  for  Others. — It  is  pos- 
sible for  the  usual  flora  of  the  intestines  to  be  almost  entirely  re- 
placed temporarily  by  an  invading  organism.  This  occurs  in  disease 
when  the  micro-organism  producing  a  specific  disease  of  the  in- 
testines is  found  in  almost  pure  cultures,  as  in  dysentery  or  dholera, 
or  where  a  large  number  of  organisms  are  swallowed,  as  in  the  case 
of  a  child  that  had  dysentery,  and  the  dysentery  bacillus  was  found 
to  be  abundant.  A  few  days  after  the  onset  of  the  attack  the  child 
developed  tonsillitis  and  the  stools  contained  streptococci,  greatly  in 
excess  of  the  other  organisms. 

Metdmikoff  claims  that  this  possibility  of  substitution  can  be  used 
in  cases  where  intestinal  putrefaction  is  excessive  and  thus  check  the 
process  by  the  introduction  of  a  lactic  acid  bacillus. 

Cohendy^  found  that  in  patients  treated  with  sterile  milk  to  which 
a  lactic  acid  bacillus  had  been  added  this  bacillus  appeared  in  the 
stools  from  3  to  5  days  after  the  first  dose  and  remained  from  12  to 
24  days  after  the  last  dose.  It  was  absent  from  the  stools  when 
this  treatment  was  begun. 

During  treatment  with  milk  fermented  by  the  lactic  acid  bacillus 
there  is  an  increase  in  the  number  of  gram-positive  cocci  and  a  de- 
crease in  the  number  of  the  bacilli. 

^Cohendy,  Essais  d 'acclimation  microbienne  persistante  dans  la  cavit6  intes- 
tinale.    Comptes  Bendus  de  la  Soci6t6  de  Biologie,  1906,  t.  liz. 
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The  bacillus  usually  employed  is  very  active  in  fermenting  milk 
sugar.  It  is  large,  resembling  anthrax,  sometimes  appears  in  chains, 
does  not  form  spores,  is  a  facultative  anaerobe,  non-motile,  optimiun 
is  37°-38°  C.  Growth  is  inhibited  when  the  acidity  reaches  8  per 
cent  Coagulates  milk  but  does  not  digest  casein.  Ferments  lactose, 
glucose,  saccharose  and  laevulose.  Grows  poorly  if  at  all  on  ordinary 
media  except  when  whey  is  added.  Grows  well  for  a  short  time  on 
beerwort  agar  but  often  dies  out  after  several  transfers.  It  is  not 
pathogenic  for  animals.  When  milk  containing  harmless  lactose 
fermenters  is  given  the  decrease  in  intestinal  putrefaction  is  shown 
by  the  diminished  amount  of  ethereal  sulphates  in  the  urine. 

Prevalent  Intestinal  Bacteria. — ^B.  Bifidns. — ^Tissier^  found  the 
B.  bifidus  in  the  stools  of  breast-fed  infants  which  at  times  forms 
nearly  the  entire  flora.  He  found  it,  though  less  frequently,  in 
artificially  fed  infants.  He  also  isolated  it  in  the  superficial  ducts 
of  the  mammary  gland  of  the  mother.  It  is  a  strict  anaerobe.  In 
the  faeces  and  fresh  cultures  it  presents  the  form  of  a  slender  bacillus 
with  one  end  tapering  and  the  other  club-shaped.  It  varies  in 
length  from  2/*  to  3a*  and  even  4/*. 

It  occurs  mostly  as  a  diplobacillus  (see  Fig.  92)  with  the  pointed  ends  adja- 
cent and  the  swollen  ends  free,  but  at  times  this  order  is  reversed  and  a  fusi- 
form appearance  results.    As  the  line  of  separation  is  often  obscure  and  as 

Pig.  92 


B.  Bifldus,  representing  the  yarlous  forms  described;  the  irreffularly-stained  pr 
vesicular  forms  being  from  old  cultures,     x  1500  diam. 

the  two  organisms  come  together  at  different  angles  these  various  arrange- 
ments give  the  impression  of  many  different  forms. 

The  bacilli  lie  sometimes  in  parallel  groups,  but  are  seldom  entangled.  In 
old  cultures,  the  swollen  ends  seen  in  the  young  cultures  become  bifurcated, 
others  take  the  stain  irregularly  and  Tissier  designates  this  the  vesicular  form. 
In  some  instances  severaJ  bacilli  become  grouped  together  at  different  angles, 

*  Tissier,  Becherches  sur  La  Flora  Intestinale,  Normale  et  Pathologique  du 
Nourrison.     1900. 
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giving  the  appearance  of  multiple  branching  forms.  As  the  medium  becomes 
more  acid  the  bifurcated  forms  become  more  numerous.  Vesicular  forms 
bear  a  relation  to  vitality  and  bifurcated  forms  a  relation  to  media.  It  is 
non-motile,  stains  by  Gram's  method,  old  cultures  staining  irregularly.  Does 
not  seem  to  possess  spores.  Killed  at  60°  for  15  minutes.  Does  not  die  out 
quickly.  Can  be  transplanted  after  three  weeks.  Grows  best  at  37°  C,  but 
also  grows  at  20°  C. 

On  glucose  agar,  after  three  days,  fine  regular  colonies,  oval  in  shape, 
appear.  It  is  innocuous  to  guinea-pigs.  It  can  be  cultivated  on  beerwort 
agar  and  on  glucose  agar.  In  stab  cultured  made  from  the  f SBces,  in  either 
medium  the  bacilli  may  be  found  in  almost  pure  cultures  at  the  bottom  of 
the  stab  after  two  to  fifteen  days;  the  other  organisms  dying  out  unless  the 
enterococcus,  which  is  a  facultative  anaerobe,  is  present,  then  B.  hifidus,  being 
less  adaptable,  is  overgrown.  Fermentation  tubes  of  glucose  broth  inoculated 
with  fsBcal  material  will  show  an  abundant  growth  of  bifidtis  in  the  sediment. 

Conradi  and  Kurpjuweit  claim  that  in  infants  the  B.  hifdus  plays 
the  same  role  in  inhibiting  the  growth  of  the  more  harmful  organisms 
as  the  coli  does  in  the  adults.  Cahn  states  that  the  B,  bifidus  is  not 
found  so  constantly  in  artificially  fed  infants,  but  that  the  B.  acido- 
philus of  Mora  takes  its  place. 

B.  Acidophilos. — This  organism  belongs  to  the  acidophile  group  and 
differs  from  the  bifidus  in  several  respects.  It  never  shows  the  bifid 
forms.  It  is  only  found  in  the  artificially  fed  infants  and  in  milk 
from  cows.  Colonies  are  irregular  and  send  out  filaments.  It  is  a 
facultative  anaerobe.  Some  consider  it  to  be  the  same  as  the  B. 
bifidus. 

Enterococcus. — Thiercelin^  in  1903  described  the  enterococcus  pro- 
teiformis  (Fig.  93)  as  occurring  as  a  coccus,  diplococcus,  strepto- 
coccus, staphylococcus,  tetrad  fila- 
ments and  rods.  It  has  a  capsule 
barely  visible,  sometimes  forming  a 
halo. 

The  arrangement  depends  upon 
the  mode  of  divisions.  When  the 
organism  assumes  the  form  of  a  bacil- 
lus the  division  takes  place  in  line  of 
the  short  axis,  the  capsule  being 
tough  does  not  rupture  but  encloses  2 
or  4  more  organisms.  This  form  is 
observed  in  culture  media  containing 
alcohol,  quinine,  chromic  acid,  per- 
manganate and  specially  bichronuito 
of  potash.  This  bacillary  form,  be 
fore  division  takes  place,  is  confusing 
as  it  is  difficult  to  tell  whether  or 
not  the  culture  is  pure  until  transferred  to  a  medium  in  which  alcohol 
is  present  when  the  forms  all  become  coccal.  In  strongly  alkaline 
broth  it  grows  in  tetrads,  on  agar  it  resembles  the  staphylococcus,  on 

^Thiercelin,  Formes  d 'involution  de  enterocoque  enterobacteria.  Ck>mpte8  Ben- 
dus  de  la  Soci6t6  de  Biologie,  1902-1903. 


Fig.  03 


Represents  the  Kradatlon  of  the 
Enterococcus  (Thlercelln)  from  the 
apparent  bacillary  forms  to  the  coccus 
without  a  capsule,     x  1000  diam. 
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gelatine  the  same.  In  broth  containing  a  little  methylene  blue, 
picric  or  acetic  acid  and  in  hay  infusions  it  is  a  distinct  streptococcus. 
It  is  present  in  normal  stools  but  may  become  pathogenic.  It  is 
found  in  the  upper  respiratory  tract,  skin,  vagina,  and  is  obtained  in 
pure  cultures  from  purulent  discharges,  being  easily  isolated  by 
ordinary  methods. 

It  is  sensitive  to  heat  and  direct  sunlight,  rather  resistant  to  dis- 
infectants, does  not  grow  in  distilled  water  and  sparingly  in  broth 
containing  2%  sodium  carbonate  or  nitrate.  Grows  in  sterilized 
tap  water,  does  not  ferment  sugars,  does  not  constantly  coagulate 
milk,  does  not  liquefy  gelatine,  grows  well  in  the  digestive  fluids,  no 
gas,  indol  or  odor  in  the  presence  of  sugar. 

It  produces  a  toxin  that  kills  mice  in  24  to  48  hours.  The  or- 
ganisms are  found  in  all  the  organs  after  death. 

B.  Pntrificns. — ^Bienstock^  found  in  putrid  mixtures  an  anaerobic, 
spore  bearing  bacillus  resembling  tetanus  in  its  morphology,  which 
is  capable  of  decomposing  fibrin  in  the  absence,  of  oxygen,  in  this 
case  the  end  products  of  putrefaction,  such  as  indol,  are  not  formed. 
When,  however,  B.  putrificus  is  associated  with  some  aerobes  it  acts 
upon  fibrin  in  the  presence  of  oxygen,  forming  the  characteristic 
putrefactive  products,  which  are  further  split  up  by  the  aerobes, 
forming  indol. 

This  action  is  not  observed  with  all  aerobes,  for  B.  coli  and  B. 
lactis  aerogenes  inoculated  on  fibrin  with  B,  putrificus  is  found 
commonly  in  the  small  intestines  where  it  enters  through  the  res- 
piratory and  digestive  tract;  that  putrefaction  does  not  occur,  norm- 
ally is  supposed  to  be  due  to  the  presence  of  inhibiting  bacteria.  It 
is  isolated  with  difficulty  from  the  fseces.  Is  an  obligate  anaerobe 
with  drum-stick  spores.  It  is  a  slender  rod  with  blunt  ends^  and 
sometimes  forms  threads,  especially  on  liquid  gelatine,  is  actively 
motile  with  flagella  arranged  on  either  side.  Liquefies  blood  serum 
with  the  production  of  a  foul  odor.  Is  gram  positive.  Is  not  patho- 
genic for  animals. 

B.  Aerogenes  Sporogenes. — Klein^  found  in  the  faeces  of  patients 
during  an  outbreak  of  diarrhoea  in  St  Bartholomew's  Hospital,  Lon- 
don, an  organism  which  he  named  the  B.  aerogenes  sporogenes. 
He  describes  it  as  a  rod  with  rounded  ends  1.6-4.8/a  long  and  0.8a* 
broad  which  occurs  singly  and  in  short  chains,  forms  spores,  possesses 
limited  motility,  flagella  6  to  8  in  number,  anaerobic,  liquefies  glucose 
gelatin.  Produces  gas  on  sugar  media  with  butyric  acid  odor.  Co- 
agulates milk.  Pathogenic  for  guinea-pigs,  death  occurring  within 
24  hours.     It  is  stained  by  Gram's  method. 

^Bienstoek,  XJntersuchimgen  iiber  die  ^tiologie  des  Encisofaiilniss,  Arcbiv.  f. 
Hygiene,  1899,  xxxvi. 

*B3eiii,  liber  einen  patbogenen  anaeroben  Darmbazillen  B.  enteritidis  sporo- 
genes, Centralbl.  f.  Bakt.,  Bd.  xviii.,  1895. 


CHAPTER  XXL 

THE  COLON  BACILLUS  GROUP,  PARACOLON,  PARATYPHOID 
DYSENTERY  AND  PARADYSENTERY  BACILLI. 

THE  OOLOK  BACILLUS  GROUP. 

The  first  organism  of  this  group  was  described  by  Emmerich 
(1885),  who  obtained  it  from  the  blood,  various  organs,  and  in- 
testinal discharges  of  cholera  patients  at  Naples.  Similar  organ- 
isms were  afterward  found  by  Escherich  (1886)  in  the  fseces  of 
healthy,  milk-fed  infants.  It  has  since  been  demonstrated  that 
closely  allied  types  of  bacilli  are  normal  inhabitants  of  the  intestines 
of  man  and  of  most  of  the  lower  animals.  Those  strains  having  the 
chief  cultural  characteristics  of  the  original  strain  are  all  classed  as 
colon  bacilli,  while  those  differing  considerably  from  it  are,  while 
considered  in  the  general  groups  given  different  names  sudi  as  para- 
colpn,  etc 

Morphology.  — Bacillus  coli  varies  considerably  in  its  morphology, 
according  to  the  sources  and  the  culture  media  from  which  it  is  ob- 
tained. The  typical  form  (Fig.  94)  is  that  of  short  rods  with 
rounded  ends,  from  O.V  to  0.7/a  in  diameter  by  1/a  to  3a*  in  length ; 
sometimes,  especially  where  the  culture  media  are  not  suitable  for 
their  growth,  the  rods  are  so  short  as  to  be  almost  spherical,  re- 
sembling micrococci  in  appearance,  and,  again,  they  are  somewhat 
oval  in  form  or  are  seen  as  threads  of  6/*  or  more  in  length.  The 
various  forms  may  often  be  associated  in  the  same  culture.  The 
bacilli  occur  as  single  cells  or  as  pairs  joined  end-to-end,  rarely 
as  short  chains.  Under  certain  conditions  the  stained  bacilli  exhibit 
bipolar  granules. 

Flagella. — ^Upon  some  varieties  seven  or  eight  peritridiic  flagella 
have  been  demonstrated,  upon  others  none.  The  flagella  are  shorter 
and  more  delicate  than  those  characteristic  of  the  typhoid  bacilli. 
There  is  nothing  in  the  morphology  of  this  bacillus  sufficiently 
characteristic  for  its  identification,  for  in  this  respect  it  simulates 
many  other  organisms. 

Staining. — The  colon  bacillus  stains  readily  with  the  ordinary  ani- 
line colors ;  it  is  always  decolorized  by  Gram's  method. 

Biology. — It  is  an  aerobic,  factdiaiive  anaerobic,  nonrliquefying 
bacillus.  It  develops  best  at  37°  C,  but  grows  well  at  20°  C.  and 
slowly  at  10°  C.  It  is  usually  motile,  but  the  movements  in  some 
of  the  cultures  are  so  sluggish  that  a  positive  opinion  is  often  diffi- 
cult. In  fresh  cultures,  frequently,  only  one  or  two  individuals  out 
of  many  show  motility.     It  does  not  form  spores. 
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Cultivation. — The  colon  bacillus  develops  well  on  all  the  nsnal  cul- 
ture media.  Its  growth  on  them  is  usually  more  abundant  than  that 
of  the  typhoid  bacillus  or  the  dysentery  bacillus,  but  the  difference 
is  not  sufficient  for  a  differential  diagnosis.  Although  it  grows  best 
aerobically,  yet  it  grows  well  anaerobically,  especially  in  media  con- 
taining fermentable  sugars. 

Gelatin.  —In  gelatin  plates  colonies  are  developed  in  from  eighteen 
to  thirty-six  hours.  They  resemble  greatly  the  colonies  of  the  typhoid 
bacillus,  except  that  many  of  them  are  somewhat  larger  and  more 
opaque.  When  located  in  the  depths  of  the  gelatin  and  examined  by 
a  low-power  lens  they  are  at  first  seen  to  be  finely  granular,  almost 
homogeneous,  and  of  a  pale 
yeUowish  to  brownish  color; 
later  they  become  larger,  denser, 
darker,  and  more  coarsely  granu- 
lar. In  shape  they  may  be 
round,  oval,  or  whetstone-like. 
The  superficial  colonies  appear  as 
small,  dry,  irregular,  flat^  blue- 
white  points,  that  are  commonly 
somewhat  dentated  at  the  mar- 
gins. When  the  gelatin  is  not 
firm  the  margins  of  many  col- 
onies are  broken  by  outgrowths, 
which  are  rather  characteristic 
of  colon  bacilli.  Under  the  same 
conditions  the  colonies  of  typhoid 
bacilli  usually  show  thread-like 
outgrowths. 

In  stab  cultures  on  gelatin  the  growth  usually  takes  the  form  of  a 
nail  with  a  flattened  head,  the  surface  extension  generally  reaching 
out  rapidly  to  the  sides  of  the  tube. 

Nutrient  Agar. — In  plate  cultures:  Surface  colonies  mostly  circu- 
lar, finely  granular,  and  rather  opaque.  The  deep  colonies  are  apt 
to  have  protuberances.  There  are  no  marked  differences  between 
colonies  of  colon  and  typhoid  bacilli.  In  streak  cultures  an  abun- 
dant, soft,  white  layer  is  quickly  developed,  but  the  growth  is  not 
characteristic. 

Bonillon. — In  bouillon  the  Bacillus  coli  produces  diffuse  clouding 
with  sedimentation ;  in  some  cultures  a  tendency  to  pellicle  formation 
on  the  surface  is  occasionally  seen. 

Potato. — On  potato  the  growth  is  rapid  and  abundant,  appearing 
after  twenty-four  to  thirty-six  hours  in  the  incubator  as  a  yellowish- 
brown  to  dark  cream-colored  deposit  covering  the  greater  part  of  the 
surface.  But  there  are  considerable  variations  from  the  typical 
growth  on  potato;  there  may  be  no  visible  growth  at  all,  or  it  may  be 
scanty  and  of  a  white  color.  These  variations  are  due  at  times  to 
the  bacillus,  but  more  often  to  variations  in  the  potato. 


Colon  bacilli.     Twenty-four-hour  agar 
culture.     X  1100  diameters. 
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Coagulated  Serum. — The  serum  is  not  liquefied.  On  this  medium 
grayish,  uncharacteristic  colonies  are  developed. 

Milk. — ^Milk  coagulates  in  from  four  to  ten  days  at  20°  C,  and  in 
from  one  to  four  days  at  37°  C.  Coagulation  is  aided  by  the  addi- 
tion of  peptone ;  it  is  prevented  by  constant  addition  of  alkalies.  The 
acids  formed  are  lactic,  acetic,  formic,  and  succinic  acids.  Coagula- 
tion is  due  principally  but  not  altogether  to  acids.  A  ferment  is  pro- 
duced which  is  capable  of  causing  coagulation  in  the  presence  of 
lime  salts,  especially  in  acid  solutions.  It  is  evident  also  that  the 
nature  of  this  coagulation  is  more  closely  related  to  coagulation 
fermentation  than  to  simple  acid  fermentation,  from  the  fact  that 
colon  coagulation  forms  a  compact  mass  which  is  difficultly  soluble 
in  alkalies,  and  contains  much  insoluble  residue. 

In  addition  to  albumose  it  has  been  shown  that  milk  serum,  after 
colon  coagulation,  contains  a  substance  possessing  the  reaction  of 
peptone,  which  is  not  contained  in  the  original  milk.  Similar  al- 
bumin cleavage  products  are  also  formed  in  cultures  of  Bacillus  colt 
in  sugar-free  ascitic  fluid ;  it  cannot  be  assumed,  therefore,  that  colon 
acidification  of  milk,  as  such,  produces  this  proteolysis.  The  colon 
bacilli  also  differ  from  typhoid  bacilli  in  that  their  action  on  milk- 
sugar  is  more  intense,  and,  since  they  can  grow  in  greater  acidity, 
more  lasting.  The  difference,  therefore,  is  quantitative  rather  than 
qualitative. 

Chemical  Activitieg.— Behavior  Toward  Carbohydrates. — ^In  cultures 
of  colon  bacilli  many  carbohydrates,  especially  sugars,  become  fer- 
mented.    Among  these  are : 

Hexoses,  C^HigOe  (glucose,  mannose,  fructose,  galactose). 

Pentoses,  C5H10O5  (arabinose,  xylose). 

Binoses,  C12II22O11  (saccharose,  lactose,  maltose,  melitose). 
Also  the  higher  alcohols : 

Hexatomic  alcohol  (mannit,  dulcit,  sorbit). 

Pentatomic  alcohol  (erytherit). 

Triatomic  alcohol  (glycerin). 
The  varieties  of  organism  included  under  the  name  colon  bacilli 
vary,  according  to  different  investigators,  in  their  action  on  some 
of  the  sugars;  some  ferment  cane-sugar,  others  do  not.  Typically 
all  ferment  glucose  and  lactose  with  the  production  of  gas.  For 
fermentation  they  require  nitrogenous  substances  which  can  be 
utilized  as  food  by  the  bacteria,  a  suitable  temperature  (best  at  30° 
to  35°  C),  and  absence  of  deleterious  substances. 

The  products  derived  from  the  splitting  of  the  carbohydrates  are 
as  follows :  From  glucose,  saccharose,  arabinose,  and  galactose  there 
is  mainly  produced  Zcpvo-lactic  acid  along  with  5  to  25  per  cent  of 
dextro-lsictiG  acid;  mannit,  on  tlie  contrary,  yields  only  Icsvo-lRCtic 
acid.  The  lactic  acid  formed,  however,  corresponds  to  only  one-half 
the  quantity  of  the  sugar  present.  The  by-products  are:  gaseous 
compoimds,  alcohol,  succinic,  acetic,  and  formic  acids.  The  most 
important  fermentation  products,  both  qualitatively  and  quantita- 
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tively,  are  produced  from  grape-sugar,  probably,  according  to  the  fol- 
lowing reaction : 

2C^«0,  +  H,0  =  2CHeO,  +  CH,COOH  +  C^,COOH  +  2C0,  +  2H,. 
Grape-sugar.       Water.     Lactic  acid.      Acetic  aclcL      Ethyl  alcohol.    Carbonic  Hydrogen. 

add. 

Add  Production  from  Sugars  by  Oolon  Bacilli — When  sufficient  sugar 
is  present  the  amount  of  acid  produced  is  quite  uniform,  proceeding 
as  a  rule,  until  the  acidity  is  sufficient  in  quantity  to  stop  the  growth 
of  the  bacilli.  In  milk  this  acidity  becomes  about  12  per  cent  y\ 
acid  to  phenolphthalein.  There  are  reasons  to  think  that  lactic  acid 
is  first  produced  and  that  from  this  other  acids  and  products  develop. 
Under  aerobic  conditions  lactic  is  produced  in  excess  of  acetic  acid, 
while  in  the  absence  of  oxygen  the  reverse  is  apt  to  be  true. 

Gas  Prodaction. — When  colon  bacilli  are  grown  in  a  solution  of 
glucose,  CO2  and  Hj  are  produced,  ICOg  to  IH2  up  to  ICO2  to  SHj. 
Anaerobic  conditions  aid  gas  formation.  Some  intestinal  varieties 
produce  gas  from  no  sugars  and  some  from  a  few  only.  Nearly  all 
produce  gas  from  glucose,  and  about  60  per  cent  of  all  varieties  pro- 
duce gas  from  milk  sugar  (dextrose).  Very  slight  traces  of  gases 
other  than  H  and  CO2  are  produced.  The  amount  of  gas  varies  in 
different  varieties ;  the  closed  arm  of  the  tube  half -filled,  and  the  H 
and  CO2  in  the  proportion  2  to  1,  is  the  characteristic  type.  It  is 
also  true  of  Gartner's  B.  enterUidis.  In  another  type  the  whole  of 
the  closed  arm  is  filled, — Hg :  COg — 1 : 2  or  3.  This  type  is  usually 
called  Bacillus  cloacce.  In  a  third  type  the  arm  is  nearly  filled, 
— H2 :  C02=l :  1.     This  type  is  the  B.  aerogenes. 

Concerning  the  gas  and  acid  produced  the  following  rules  have  been 
established : 

1.  The  quantity  produced  varies  with  the  amount  of  bacteria  and 
their  activity  as  well  as  with  the  type  of  organism. 

2.  It  depends  upon  the  living  organisms. 

3.  The  products  have  a  less  heat  value  than  the  sugar  from  which 
they  were  formed. 

4.  The  fermentation  is  not  a  simple  hydrolytic  action,  but  one  in 

which  combinations  between  the  C  and  O  atoms  are  sundered  and 

formed.     This  is  not  an   oxidation    process,    but  a  change  through 

breaking   down — that  is,    a   true   decomposition.     What   oxidation 

takes  place  is  chiefly  due  to  the  oxygen  liberated  from  splitting  the 

sugar  molecules. 

Use  or  Sugab  Litmus  Aoars  to  Differentiate  between  Colon  and 
Typhoid  Bacilli. 

Color  of  media  after  24  hours*  growth  of  culture. 

List  of  sugars.  , -. * ^ 

Colon  bacillus.  Typhoid  bacillus. 

Grape^ugar Bed.  Bed. 

Saccharose Bed.  Blue. 

Mannite   Bed.  Bed. 

Maltose    Bed  or  moderatelj  red.  Bed  or  pink. 

Milk-sugar Bed.  Blue. 

Dextrin Blue.  Violet  blue. 

To  bouillon  used  for  acid  and  gas  formation  no  sodium  hydrate  or  carbonate 
should  be  added. 
18 
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Effect  of  Colon  Bacilli  in  Kitrogenons  Compounds. — Colon  bacilli  do 
not  appreciably  liquefy  gelatin  nor  peptonize  any  albumins.  They 
do,  however,  break  down  some  of  the  higher  nitrogenous  compounds 
into  smaller  atom  groups.     The  first  noted  of  these  compounds  was 

indol,  CeH4^p-rT/ CH.  This  is  one  of  the  most  important  pro- 
ducts of  colon  activity,  although  a  few  varieties  lack  it.  (Witte's 
peptone  solution  is  used  as  test)  Sugars  interfere  with  indol  pro- 
duction, as  also  does  the  absence  of  oxygen.  The  maximum  amount 
of  indol  is  present  about  the  tenth  day.  The  test  is  carried  out  by 
adding  littie  by  little  ^^  to  2  c.c.  of  0.01  per  cent  potassium  nitrite 
to  10  c.c.  of  culture  fluid,  and  then  5  c.c.  of  10  per  cent  solution  of 
suljAuric  acid.  To  prevent  confusion  with  other  colors  a  littie  amyl 
alcohol  is  added  and  shaken  to  dissolve  and  concentrate  the  color.  In 
the  intestinal  canal  in  health  very  littie  indol  appears  to  be  produced 
by  colon  bacilli.  Sulphurated  hydrogen  is  liberated  from  sugar-free 
fermentable  proteid  substances.  Mercaptan  and  sometimes  skatol 
have  been  noted  in  peptone  solution  cultures.  The  colon  bacillus 
liquefies  minute  quantities  of  gelatin,  but  so  little  as  to  be  inap- 
preciable. 

The  colon  bacillus  can  make  use  of  simpler  nitrogen  compounds 
than  the  typhoid  bacillus,  and  can  grow  well  in  media  such  as  that  of 
Uschinsky.  In  urine  some  colon  cultures  produce  a  slight  fermenta- 
tion, yielding  ammonium  carbonate.  By  some  this  is  believed  not 
to  be  due  to  urea  fermentation.  Lactose-litmus-urine  agar,  after 
twenty-four  hours'  acidity,  often  becomes  alkaline. 

In  media  containing  fermentable  sugars  and  proteid  substances 
simultaneous  action  takes  place  on  both  with  the  production  of  both 
alkalies  and  acids. 

Effect  on  Fats. — No  action  has  been  noted. 

Reduction  Processes. — Reduction  of  Pigments. — ^The  action  on  cer- 
tain pigments  which  are  reduced  to  colorless  products  and  interme- 
diate colors  is  more  vigorous  than  that  of  typhoid  bacilli.  This  effect 
occurs  in  litmus  bouillon  in  the  closed  arm  of  the  tube,  in  bouillon 
and  agar  (not  in  gelatin),  indigo-sodium-sulphate-methyl  blue,  in 
sugar  media,  etc 

Redaction  of  Inorganic  Salts. — From  nitrates  coli  under  certain  con- 
ditions produce  nitrites  and  from  them  ammonia  and  free  nitrogen 
as  follows : 

2NaN0,  +  H,0  =  2NaOH  -f  N,  +  O.. 

The  development  of  pigments  (brownish,  greenish,  and  yellowish), 
odorous  substances,  and  toxins  has  been  noted,  especially  on  potato. 
Besides  ammonia  and  the  fatty  and  oxy-fatty  acids  other  bad-smell- 
ing products,  but  little  understood,  are  formed  at  times. 

Toxins. — The  bodies  of  dead  colon  bacilli  contain  pyogenic  sub- 
stances (and  others),  which,  injected  into  the  circulation,  produce 
paralysis  of  the  striped  muscle  fibres,  convulsions,  coma,  and  death. 
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Extracts  from  some  cultures  produce  irritation  of  the  mucous  mem- 
branes of  the  large  intestines  with  dysenteric  symptoms. 

Orowth  with  Other  Bacteria. — Colon  bacilli  grown  with  typhoid 
bacilli  are  hindered  in  their  gas  production  and  indol  formation, 
while  the  latter  soon  die  out.  (Typhoid  bacilli  usually  die  out  in 
the  sterilized  filtrate  of  colon  culture.)  Colon  varieties  differ  as  to 
whether  they  increase  or  not  in  the  old  culture  fluids  of  other  broth 
colon  cultures.  The  colon  bacilli  act  antagonistically  to  many  of  the 
proteolytic  bacteria  in  the  intestinal  tract,  and  so  inhibit  alkaline 
putrefaction  otherwise  caused  by  the  latter.  In  milk  the  same  an- 
tagonism exists,  probably  because  of  the  acidity  caused  by  the  colon 
growth. 

Reaction  to  Temperature. — Growth  takes  place  best  at  37"^  C. ;  the 
range  is  from  5*^  to  45°  C.  Colon  bacilli  are  killed  at  60°  C.  in 
from  five  to  fifteen  minutes.  Frozen  in  ice  a  large  proportion  die, 
but  some  resist  for  six  months.  In  liquid  air  95  per  cent,  are  killed 
in  two  hours. 

Resistance  to  Drying. — The  colon  bacillus  is  quite  resistant. 
Simple  drying  destroys  the  majority  of  organisms  dried  at  any  one 
time,  but  some  bacilli  of  the  number  dried  may  remain  alive,  es- 
pecially when  held  in  the  texture  of  threads,  for  five  or  six  months, 
or  all  may  die  in  forty-eight  hours. 

Effect  of  Light. — In  water  exposed  to  direct  simlight  colon  bacilli 
are  killed  in  from  one  to  six  hours.  In  diffuse  light  a  moderate  effect 
only  is  produced.  They  are  fairly  resistant  to  Roentgen  rays,  quite 
so  to  the  electric  current 

Effect  of  Acids. — The  colon  bacilli  grow  in  a  wider  range  of  acids 
and  alkalies  than  most  other  bacteria.  They  develop  in  from  0.2  to 
0.4  per  cent,  of  mineral  acids,  in  from  0.3  to  0.45  per  cent,  of  veg- 
etable acids,  and  in  from  0.1  to  0.2  per  cent,  of  alkalies. 

To  most  antiseptics  they  are  resistant,  growing  feebly  even  in 
1 :5000  formaldehyde.  They  grow  in  from  6  to  8  per  cent,  of  salt 
and  live  in  concentrated  solutions. 

Effect  of  Animal  Fluids  and  Juices. — Gastric  juice  kills  colon  ba- 
cilli when  not  protected  or  too  greatly  diluted  by  food.  All  the 
members  of  the  typhoid-colon  group  are  more  resistant  to  the  gastric 
juices  than  most  non-sporebearing  bacteria.  They  grow  in  bile  and 
in  the  intestinal  juices. 

Variation  in  Morphological  and  Biological  Characters.— By  sub- 
jecting them  to  higher  than  normal  temperature,  to  long  growth  in 
old  culture  fluids,  to  the  action  of  weak  antiseptics,  and  to  passage 
through  animals,  colon  bacilli  have  been  changed  so  as  to  lose  the 
power  to  make  indol  and  ferment  sugars  with  gas  production.  They 
have  not,  however,  been  made  to  approach  typhoid  bacilli  in  their 
agglutination  characteristics  or  in  their  motility.  The  change  has 
simply  been  to  weaken  the  characteristics  typical  of  colon,  and  this 
gives  them  appearances  similar  to  typhoid  bacilli,  but  in  parasitic 
ways  they  are  still  quite  different. 
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To  the  colon  group  the  following  characteristics  are  essential: 
short  rod  form ;  relatively  good  growtli  on  media ;  decolorization  by 
Gram;  the  lack  of  appreciable  liquefaction  of  gelatin;  the  faculta- 
tive properties ;  indol  formation ;  sugar  fermentation ;  milk  coagula- 
tion; motility;  pathogenic  properties  in  animals  to  greater  or  less 
extent  The  saprophytic  life  of  the  colon  bacillus  leads  to  gradual 
variations  according  to  conditions. 

Pathogenesis. — The  lesions  present  in  intestinal  infection  are  those 
of  enteritis;  the  duodenum  and  jejunum  are  found  to  contain  fluid, 
the  spleen  is  somewhat  enlarged,  and  there  is  marked  hypersemia  and 
eochymosis  of  the  small  intestines,  together  with  swelling  of  Foyer's 
patches. 

Intraperitoneal  and  intravenous  inoculation  of  guinea-pigs  and 
rabbits  may  also  produce  death,  which,  when  it  follows,  usually 
takes  place  within  the  first  forty-eight  hours,  accompanied  by  a  de- 
cided fall  of  temperature,  the  symptoms  of  enteritis,  diarrhoea,  etc., 
and  finally  fibropurulent  peritonitis. 

When  subcutaneous  inoculations  of  mice  and  guinea-pigs  are  made 
it  requires  the  introduction  of  much  larger  quantities  of  the  cultures 
to  produce  infection;  in  rabbits  this  is  followed  usually  merely 
by  abscess  formation  at  the  point  of  inoculation.  Dogs  and  cats  are 
similarly  affected. 

Albarran  and  Hallfi  have  caused  cystitis  and  pyelonephritis  by 
direct  injections  into  the  bladder  and  ureters,  the  urine  being  artific- 
ially suppressed;  Chassin  and  Roger  produced  angiocholitis  and 
abscess  of  the  liver  in  the  same  way.  Akermann  produced  osteomye- 
litis in  young  rabbits  by  intravenous  injections  of  cultures. 

From  experiments  on  animals  it  would,  therefore,  appear  that  the 
true  explanation  of  the  pathogenesis  of  the  colon  bacillus  is  imdoubt- 
edly  to  be  found  in  the  toxic  effects  of  the  chemical  substance  and 
products  of  the  cells. 

Virulence  of  Oolon  Bacilli — The  virulence  varies  with  the  cultxire 
and  the  time  since  its  recovery  from  the  intestines.  Other  things 
being  equal,  it  is  more  virulent  from  an  intestinal  infiammation. 
From  severe  diarrhoea  the  colon  bacilli  in  0.25  cc.  bouillon  culture 
may  kill  guinea-pigs  if  given  intraperitoneally,  while  from  the  healthy 
bowel  2.6  ac.  are  usually  required.  Smaller  amounts  are  fatal  to 
white  mice. 

Increase  of  Virulence  Outside  the  Body. — It  has  been  foimd  by  sev- 
eral observers  that  in  fermenting  feecal  matter  a  marked  increased 
virulence  takes  place,  so  that  infection  is  produced  when  received 
by  man.  Some  investigators  claim  that  by  growing  the  colon  bacilli 
with  typhoid  bacilli  and  with  the  pyogenic  cocci  increase  of  virulence 
occurs.  This  is  improbable  outside  the  body.  The  lesions  follow- 
ing injection  with  colon  bacilli  do  not  differ  appreciably  from  those 
produced  by  the  typhoid  bacilli. 

Immunization. — Immunization  against  colon  bacillus  infection  is 
produced  in  the  same  way  and  to  the  same  degree  as  in  tyjiioid  ba- 
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cillus  infection.  The  serum  from  a  horse  receiving  a  numher  of 
diflferent  strains  is  required,  if  protection  from  all  members  of  the 
colon  group  is  desired.  The  serum  is  not  at  present  employed  thera- 
peutically. 

Occurrence  in  Han  and  AnimalB  during  Health. — The  Bacillus 
coli  is  a  common  inhabitant  of  the  intestinal  canal  in  man  and  in 
almost  all  domestic  animals.  It  is  also  found  occasionally  in  wild 
animals  and  appears  at  times  even  to  occur  in  fishes. 

Occurrence  Outside  of  the  Intestines. — Colon  bacilli  are  found 
wherever  human  or  animal  fseces  are  carried.  In  surface  water  a 
few  bacilli,  less  than  one  to  each  10  c.a,  are  not  sufficient  to  give 
rise  to  the  suspicion  that  it  is  contaminated.  Even  colon  bacilli  in 
1  cc.  does  not  necessarily  show  dangerous  pollution,  since  such  a 
number  could  equally  well  come  from  manure  spread  on  fields. 
Colon  bacilli  are  apt  to  be  found  in  everything  which  comes  in  con- 
tact with  man  or  animals,  or  dust  where  they  have  been. 

Association  vrith  Other  Bacteria  in  the  Intestines. — ^In  infant 
stools  we  usually  find  in  ordinary  cultures  only  Bacillus  coli  and 
Bacterium  aerogenes.  Both  fail  to  ferment  albumin,  and  both 
markedly  ferment  carbohydrates.  The  Bacteriu/m  aerogenes  is  most 
abundant  in  the  upper  intestinal  tract,  the  colon  bacillus  in  the  lower 
intestines.  The  former  appears  to  feed  on  the  carbohydrates,  the 
latter  on  substances  secreted  by  the  intestinal  mucous  membranes. 
Only  about  10  per  cent,  of  the  bacteria  from  stools  seen  imder  the 
microscope  appear  as  colonies,  and  whereas  in  infant  stools  the  major- 
ity of  the  bacteria  are  frequently  Gram  positive,  the  larger  number 
of  the  colonies  are  composed  of  Gram-negative  bacteria.  Some  of 
tiie  Gram-positive  bacteria  are  anaerobic ;  others  fail  to  grow  at  all 
on  ordinary  culture  media.  These  conditions,  the  normal  presence 
of  colon  bacilli  and  the  tendency  of  other  bacteria  not  to  grow  in 
culture  media,  make  the  greatest  care  necessary  in  weighing  con- 
clusions as  to  the  pathogenic  significance  of  colon  bacilli  in  disease. 
Further,  although  most  colon  bacilli  seem  alike  in  the  cruder  methods 
formerly  employed,  it  is  now  found  that  there  are  many  differences 
in  their  action  upon  carbohydrates  and  in  their  agglutination  affin- 
ities. There  has  thus  come  to  be  a  group  of  colon  bacilli  rather  than 
a  colon  bacillus.     Escheridi  restricts  the  name  to  bacilli  having  the 
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characteristics  of  those  existing  in  the  intestines  of  normal  nursing 
infants. 

The  preceding  schematic  table  illustrates  some  of  the  characteris- 
tics of  members  of  the  colon  group  and  of  the  typhoid  bacilli : 

The  Colon  Bacillus  under  Physiological  and  Pathological  Condi- 
tions.— In  the  breast-fed  infant  within  a  few  hours  or  days  after 
birth  one  or  two  varieties  of  typical  colon  bacilli  are  foimd  in  the 
colon,  and  these  bacilli  form  the  great  majority  of  all  the  bacteria 
present  which  grow  in  media.  The  bacilli  in  one  infant's  intestines 
usually  all  agglutinate  with  the  same  serum,  but  those  from  different 
infants  vary.  The  bacilli  find  their  way  lirough  the  food  or  from 
the  anus  upward.  In  the  small  intestines  the  Bacterium  aerogenes 
is  most  prevalent,  while  in  the  caecum  and  below  the  colon  types  pre- 
dominate. 

In  healthy  intestines  a  fwiction  of  colon  bacilli  is  supposed  to  be  to 
prevent,  through  acids  and  other  products  formed,  the  development 
of  putrefactive  bacteria.  In  normal  intestines  with  intact  mucous 
membranes  the  toxic  products  formed  by  the  colon  bacilli  are  ab- 
sorbed but  little  or  not  at  all,  and  the  bacilli  themselves  are  prevented 
from  invading  the  tissues  by  the  epithelial  layer  and  the  bactericidal 
properties  of  the  body  fluids.  Possibly  there  is  an  acquired  immun- 
ity to  the  colon  varieties  which  have  long  inhabited  the  intestines. 

Varieties  of  Colon  Bacilli  as  Disease  Producers. — The  colon  ba- 
cillus was  at  first  regarded  purely  as  a  saprophyte.  Later,  through 
not  realizing  the  post-mortem  invasion  and  the  great  ease  of  growth 
of  the  colon  bacillus  on  ordinary  media,  the  other  extreme  was  taken 
of  attributing  too  much  to  it  By  means  of  specific  sera  and  more 
careful  study  we  are  now  coming  to  a  clearer  view  of  the  action  of 
this  micro-organism.  The  colon  varieties  met  with  differ  consider- 
ably, and,  as  already  mentioned,  we  now  speak  of  the  colon  group 
rather  than  of  the  BacilliLS  coli. 

It  is  best  to  try  to  separate  the  cases  which  come  from  varieties 
of  the  colon  bacillus  normally  present  in  the  intestines  from  those 
derived  from  outside  infection.  In  this  latter  class  the  bacilli  again 
vary  from  the  atypical  varieties  to  those  classed  out  of  the  group, 
such  as  the  paracolon  bacilli,  the  dysentery  bacillus,  the  bacilli  from 
meat  and  food  infections,  etc.  These  bacilli  are  considered  imder 
their  special  headings. 

The  bacilli  previously  present  in  the  intestines  can,  either  by  an 
increase  in  virulence  in  them  or  by  a  lowered  resistance  in  the  person, 
invade  the  tissues  in  which  their  toxins  act,  causing  injury  to  the  in- 
testinal tract  Thus  in  the  case  of  ulceration  in  typhoid  fever  the 
colon  bacilli  enter  the  blood,  or  in  perforation  produce  peritonitis. 
In  dying  conditions  they  at  times  pass  through  the  intact  mucous 
lining.  In  the  gall-bladder  or  urinary  tract  the  spread  of  bacilli 
from  the  intestines  may  cause  disease.  The  virulence  of  the  colon 
bacillus  in  endogenous  infection  is  usually  somewhat  increased  over 
that  which  it  possessed  when  it  was  latent  in  the  intestine.     The 
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specific  serum  reaction  in  the  body  is  a  sign  of  infection,  but  great 
care  has  to  be  observed  in  deciding  that  it  is  present,  as  group  ag- 
glutinins also  occur.  Up  to  the  present  time  it  is  very  difficult  to 
state  in  any  colon  infection  whether  the  bacilli  were  previously  pres- 
ent in  the  intestines  or  were  derived  from  outside  sources  through 
water,  food  or  direct  contact  with  other  cases. 

Passage  of  Colon  Bacilli  through  the  Walls  of  the  Intestines  Just 
Before  and  After  Death. — The  colon  bacilli  tend  to  pass  through  the 
intestinal  walls  shortly  after  death  in  those  who  have  suffered  from 
chronic  illness.  In  chronic  disease  the  resistance  of  the  tissues  is 
lessened  or  removed,  and  if  to  this  is  added  ulceration  or  loss  of  epi- 
thelium in  the  lining  of  the  intestines  the  entrance  of  the  bacteria  is 
still  more  favored.  The  temperature  at  which  the  body  is  kept  after 
death  determines  often  whether  a  general  post-mortem  invasion  takes 
place.  The  passage  of  the  colon  bacilli  before  death  rarely  occurs, 
tinless  some  lesions  of  the  intestines  are  present 

Colon  Bacillus  in  Sepsis. — In  lesions  of  the  intestinal  mucous 
membranes  or  in  colon  cystitis,  pyelitis,  or  cholecystitis,  there  is  fre- 
quently just  before  death  a  terminal  dissemination  of  the  bacilli  and 
consequent  septicaemia.  Here  special  symptoms  of  intoxication  may 
occur,  such  as  diarrhoea,  changes  in  temperature,  heart  weakness,  and 
hemorrhages.  In  most  of  these  cases  infection  proceeds  from  the 
intestines,  but  in  not  a  few  from  the  wounded  urethra  or  bladder. 
The  colon  septicaemia  is  detected  by  blood  cultures.  At  times  very 
few  bacilli  are  found,  and  then  the  blood  infection  may  be  less  im- 
portant than  the  local  one.  Cases  occurring  in  typhoid  and  cholera 
are  often  observed,  especially  in  relapses  in  tyjAoid.  In  very 
young  infants  a  malignant  septicsemia  with  tendency  to  hemor- 
rhages is  due  to  colon  septicsemia.  In  a  few  cases  in  which  colon 
but  no  typhoid  bacilli  were  present  the  course  of  the  disease  has 
been  similar  to  typhoid  fever.  An  epidemic  due  to  colon  infection 
of  water  has  been  noted.  Infection  through  food  and  water  are 
usually  brought  about  by  other  closely  allied  bacilli  not  belonging 
to  the  colon  group. 

Colon  Badllns  in  Diarrhoea. — In  diarrhoea  we  find  increased  peri- 
stalsis, less  absorption  of  foodstuff,  increased  and  changed  intestinal 
secretions.  Tissier  observed  that  under  treatment  with  cathartics 
the  colon  varieties  increased,  while  the  anaerobic  forms  are  inhibited. 
In  diarrhoea  exciting  conditions  are  active,  inhibiting  causes  *  are 
lessened,  and  increased  mucus  and  serum  are  poured  out  into  the 
canal.  This  is  notably  seen  in  typhoid  fever.  In  diarrhoea,  although 
the  common  colon  varieties  are  met  with,  there  is  usually  seen  a  dif- 
ference in  that  uncommon  varieties  and  more  typhoid-like  bacteria 
are  also  found.  Much  more  investigation  is  needed  on  this  complex 
subject  of  variation  in  types  between  health  and  disease. 

Lesage,  in  1898,  stated  that  26  per  cent,  of  770  cases  reported  by 
him  of  breast-fed  children  were  due  to  pure  colon  infection,  while 
the  others  were  from  mixed  infection  in  which  the  significance  of  the 
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colon  bacilli  present  was  more  doubtful.  The  majority  of  bac- 
teriologists were  inclined  to  doubt  that  the  typical  colon  bacillus  is 
an  important  etiolc^cal  factor  in  the  production  of  diarrhoea,  but 
believe  that  it  is  due  rather  to  other,  slightly  different,  micro-organ- 
isms, colon-like  in  their  characteristics.  The  reasons  for  this  opinion 
are  given  by  Escherich  and  Pfaundler  as  follows: 

1.  Animals  are  certainly  affected  by  epidemic  infections  of  bac- 
teria closely  allied  to  the  colon  group — e.  g.,  diarrhoea  of  calves  and 
cows,  hog-cholera,  enteritis  with  ulceration  in  horses,  etc. 

2.  The  histories  of  attacks  of  acute  diarrhoea  in  men  after  eating 
food  of  such  infected  animals,  and  the  presence  of  the  serum  reac- 
tion afterward.  These  bacteria  are  colon-like,  though  classed  with 
the  enteritidis  group. 

3.  The  diseases  of  typhoidal  nature  are  due  to  the  closely  allied 
paracolon  or  paratyphoid  bacilli,  and  others  are  due  to  the  dysentery 
group,  in  which  the  inflammatory  and  necrotic  process  localizes  itself 
mostly  in  the  lower  colon  and  rectum. 

Numerous  epidemics  of  acute  diarrhoea  in  children  from  one  to 
five  years  of  age  have  been  noted  in  which  almost  pure  cultures  of 
colon  bacilli  have  been  found.  The  symptoms  begin  with  high  fever 
which  often  rapidly  falls,  and  frequent  stools  only  watery  or  con- 
taining mucus  and  streaks  of  blood.  These  symptoms  may  quickly 
abate  -or  go  on  to  a  toxic  state  characterized  by  heart  weakness  and 
drowsiness.  This  may  lead  to  lung  complications  or  death.  In 
many  such  cases  in  America  when  blood  has  been  present  we  have 
found  one  of  the  mannite  fermenting  types  of  the  dysentery  bacillus. 
Here  the  lesions  must  be  considered  as  being  due  to  mixed  infection. 

The  colon  group  as  exciters  of  inflammation  are  much  less  apt  to 
produce  pus  than  the  pyogenic  cocci.  The  peritoneum,  the  bile 
tracts,  and  the  urinary  tracts  are  most  frequently  affected,  but  it 
also  causes  inflammation  in  wounds  and  various  organs  of  the  body. 

Experimental  evidence  goes  to  show  that  the  injection  of  cultures 
of  any  of  the  varieties  of  colon  bacilli  into  the  peritoneal  cavity  pro- 
duces intense  and  fatal  peritonitis.  Some  varieties  when  freshly 
isolated  are  especially  virulent  Not  only  perforation  of  the  in- 
testines in  man,  but  injury  to  the  intestinal  walls,  allows  colon  in- 
fection of  tiie  peritoneum  to  take  place,  and  if  foreign  bodies  are 
present  in  the  peritoneum,  or  the  epithelium  injured,  or  absorption 
interfered  with,  such  acute  general  peritonitis  is  very  probable.  At 
first  most  of  these  cases  were  believed  to  be  a  pure  colon  infection, 
but  now  it  is  known  that  this  idea  came  largely  from  the  overgrowth 
of  colon  bacilli  in  the  cultures.  More  careful  investigations,  through 
cultures  and  smears,  have  demonstrated  the  fact  that  streptococci, 
and  less  frequently  staphylococci  and  pneumococci,  are  present  in 
peritonitis  arising  from  intestinal  sources.  The  colon  bacilli  foimd 
even  in  the  same  case  commonly  comprise  many  varieties. 

The  Colon  Oroup  in  Inflammation  of  the  Bile  Tract. — The  normal 
healthy  gall-bladder  is  usually  sterile.     This  is  true  in   spite  of 
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the  fact  that  bile  is  apparently  a  good  culture  medium  for  the  colon 
group.  Simple  tying  of  the  neck  of  the  gall-bladder  usually  causes 
a  colon  infection  to  take  place  within  twenty-four  hours.  Obstruc- 
tion of  the  bile-duct  through  various  causes  is  fairly  common  in  man. 
The  gall-bladder  then  becomes  infected,  and  following  the  inflamma- 
tion of  the  mucous  membranes  there  is  often  the  formation  of  gall- 
stones. Some  cases  of  jaundice  are  believed  to  be  due  to  colon  in- 
flanmaation  of  the  gall-ducts. 

Inflammation  of  the  Pancreas. --Welch  was  the  first  to  record  a 
case  of  pancreatitis  with  multiple  fat  necroses  due  to  colon  infection. 
A  few  more  cases  have  since  been  reported  due  to  members  of  the 
colon  group,  either  alone  or  in  conjimction  with  the  pyogenic  cocci. 

Inflammation  of  the  Urinary  Tract.— As  far  back  as  1879  Bouch- 
ard noted  cystitis  due  to  bacilli  of  the  colon  group.  After  injury  of 
the  bladder  mucous  membrane,  or  by  ligature  of  the  urethra,  it  is 
possible  to  excite  cystitis  in  animals  by  injection  of  colon  bacilli. 
When  cystitis  is  established  the  bacterial  infection  frequently  spreads 
to  the  pelvis  of  the  kidneys,  causing  a  pyelitis  or  suppurative  ne- 
phritis. The  same  process  often  occurs  in  man.  In  most  cases  of 
chronic  cystitis  the  ureters  and  pelves  of  the  kidneys  become  involved ; 
any  malformation  of  the  ureters  aids  the  process.  From  the  pelvis 
the  bacteria  push  up  into  the  urinary  tubules  and  excite  inflamma- 
tion and  multiple  abscesses.  At  times  the  bacilli  force  their  way 
through  the  lymph  channels  or  capillaries  into  the  blood  current. 
Colon  infection  of  the  different  parts  of  the  urinary  tract  may  occur 
at  any  age,  from  infancy  upward.  Instead  of  starting  in  the  bladder  it 
may  begin  in  the  kidney  itself,  the  C5olon  bacilli  coming  from  the  blood 
or  peritoneum.  In  many  of  these  cases  the  bacilli  isolated  from  the 
urine  are  clumped  in  high  dilutions  of  the  blood  from  the  patient 

Although  other  bacteria — ^the  pyogenic  cocci,  the  proteus,  the  ty- 
phoid bacillus,  etc. — may  excite  cystitis,  still  in  90  per  cent,  of  all 
cases  some  of  the  colon  group  are  found,  and  this  percentage  is  even 
higher  in  young  children.  The  clinical  picture  of  colon  infection  is 
very  variable.  The  lightest  cases  progess  under  the  guise  of  a  bac- 
teriuria.  The  urine  is  passed  a  little  more  frequently  and  shows  a 
fine  granular  cloudiness.  The  reaction  is  acid.  The  cell  ele- 
ments are  but  little  increased.  There  is  an  excess  of  mucus.  Albu- 
min is  absent  or  present  in  only  a  trace.  The  condition  may  last  for 
weeks  or  months  and  then  spontaneously  disappear  or  grow  worse. 
With  a  somewhat  more  severe  infection  there  is  painful  urination, 
perhaps  tenesmus,  increase  of  pus  cells  and  slight  fever.  In  a 
conical  glass  a  sediment  of  pus  cells  forms  at  the  bottom,  and 
clear  urine  remains  above.  In  chronic  cases  the  fever  is  usually 
absent,  but  ansemia  and  loss  of  tone  appear.  If  the  infection  passes 
to  the  kidney  colicky  pain  and  tenderness  over  the  region  of  the 
kidneys  is  usually  present.  The  most  important  symptom  of  pye- 
litis is  an  irregular  intermittent  fever  resembling  malaria.  The 
albumin   is  increased  in  the  urine   and  red  blood  cells  may  be 
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seen.  If  a  general  nephritis  arises  the  symptoms  are  all  intensified 
and  an  anaemic  condition  may  develop.  Septicaemia  may  finally  re 
suit.  Therapeutic  bacteriological  means  are  employed  to  treat  this 
affection;  irrigation  of  the  bladder  with  creolin,  lysol,  and  silver 
solution.     Internally  urotropin  or  salol  are  given. 

In  most  of  these  cases  the  microscopic  examination  is  sufficient 
to  make  a  probable  diagnosis,  since  the  bacteria  are  so  abundant 
The  variety  of  colon  bacillus  present  can,  of  course,  only  be  told  by 
cultures  and  other  means.  In  the  urine  they  appear  as  diplobacilli, 
or  partly  in  short,  almost  coccus,  forms,  partly  in  long  threads.  As 
a  rule,  motility  is  absent.  Not  infrequently  the  cultures  appear  to 
be  identical  with  the  Bacterium  aerogenes. 

The  characteristics  of  the  urine  itself  have  much  to  do  with  the 
probability  of  infection;  the  more  acid  urines  being  less  likely  to 
afford  a  proper  soil  for  growth.  Some  urines  are  bactericidal  even 
when  they  are  neutral.  The  substances  producing  this  condition  are 
not  known.  The  colon  bacilli  in  the  urine  produce  no  appreciable 
effect  on  the  reaction,  but  give  up  some  of  their  toxins,  which  upon 
absorption  cause  the  deleterious  local  and  general  effects.  The 
serum  of  the  patient  usually  agglutinates  the  cultures  from  the 
urine  in  1 :  20  or  1 :  50  dilutions,  but  this  property  is  sometimes  ab- 
sent, especially  in  light  cases. 

The  colon  variety  found  in  the  urine  can  ordinarily  be  detected 
also  in  the  fseoes.  This  would  suggest  an  autoinfection.  Cystic  in- 
fection in  the  female  usually  takes  place  through  the  urethra.  In 
both  male  and  female  any  injury  or  disease  of  the  rectal  mucous 
membranes  contiguous  to  the  bladder  creates  a  possibility  of  the  in- 
vasion of  the  colon  through  the  lymph  channel  of  the  inflamed 
tissues  and  the  occurrence  of  a  colon  cystitis.  It  is  also  probable 
that  at  times  an  infection  may  take  place  through  the  kidney,  this 
organ  having  received  the  bacilli  from  the  blood.  Besides  the  above- 
mentioned  ways,  we  may  have  direct  infection  carried  in  by  the 
catheter,  sound,  etc 

In  all  cases  in  addition  to  the  introduction  of  the  colon  bacillus  a 
predisposing  condition  must  be  present,  such  as  more  or  less  marked 
retention  of  urine  by  an  enlarged  prostate  or  stricture,  any  un- 
healthy state  of  the  mucous  membrane  or  general  depression  of 
vitality. 

The  Colon  Oroup  as  Pus  Formers. — Members  of  this  group  are 
frequently  the  cause  of  abscesses  in  the  region  of  the  rectum,  urethra, 
and  kidney.     They  are  rarely  met  with  in  other  locations. 

The  Colon  Oroup  in  Inflammation  Not  Previously  Mentioned. — 
Broncho-pneumonia,  lobar  pneumonia,  and  pleurisy  have  occasion- 
ally been  caused  by  colon  bacilli,  probably  from  blood  sources.  Not 
a  few  cases  of  meningitis  and  spinal  meningitis  in  infants,  following 
localized  colon  infections,  are  due  to  colon  bacilli.  The  symptoms 
are  not  well  developed,  as  a  rtjle.  Some  cases  of  endocarditis  have 
also  been  noted. 
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The  Colon  Oroup  as  Producers  of  Absorbable  Toxins. — Through 
intestinal  fermentation  substances  are  formed  which  when  absorbed 
produce  marked  nervous  symptoms.  The  presence  of  indican  in  the 
urine  usually  means  that  such  improper  fermentation  is  present 

Methods  of  Isolation. — While  the  isolation  of  typhoid  bacilli  from 
fceces,  water,  dust,  etc.,  is  attended,  as  a  rule,  with  difficulty,  pure 
cultures  of  colon  bacilli  can  usually  be  obtained  from  such  substances 
by  the  simplest  procedures.  The  following  methods  may  be  recom- 
mended : 

1.  Inoculate  10  cc.  of  fluid  2  per  cent  lactose  or  dextrose  litmus 
agar  with  foK^s  of  suspected  material.  The  melted  agar  should  be 
at  a  temperature  of  about  41°  C.  After  shaking  pour  in  Petri  dish. 
Several  dilutions  should  be  made.  After  eighteen  hours  at  37°  C. 
examine  the  plates  and  inoculate  the  contents  of  a  number  of  tubes 
containing  2  per  cent  dextrose  agar  with  any  colonies  showing  a 
red  color.     The  colon  bacilli  will  produce  gas  and  acid. 

2.  Inoculation  of  increasing  quantities  of  the  material  (water)  in 
2  per  cent  dextrose  nutrient  bouillon.  The  presence  of  colon  ba- 
cilli in  the  inoculated  portion  produces  after  twelve  to  twenty-four 
hours  active  fermentation  in  the  tube.     (Plate  and  isolate  as  in  1.) 

3.  The  inoculation  of  glucose  bouillon  to  which  small  amounts  of 
carbolic  acid  or  of  hydrochloric  acid  have  been  added  to  inhibit  the 
growth  of  many  other  varieties  of  bacteria.  This  method  has  not 
given  any  better  results  than  2. 

INTEBMEDIATE  MEMBEBS  OF  THE  TTPHOID-OOLON  GROUP 

OF  BACILLI. 

Until  recent  years  the  difficulties  attending  the  differentiation  of 
the  various  members  of  the  typhoid  and  colon  groups  of  bacilli  have 
been  so  great  that  an  accurate  study  of  the  varieties  has  not  been 
possible.  The  application  of  the  Gruber-Widal  reaction  to  this  in- 
vestigation has,  however,  served  to  clear  up  the  field  to  a  great  ex- 
tent, so  that  at  the  present  time  the  differentiation  is  comparatively 
easy.  Gartner's  discovery  of  the  Bacillus  enteritidis  in  1888  in  as- 
sociation with  epidemics  of  meat  poisoning  first  gave  impetus  to  the 
study  of  the  intermediates.  Nocard's  work  on  Bacillus  psittacosis 
followed  in  1892.  In  1893  Gilbert  introduced  the  terms  "  para- 
colon ''  and  "  paratyphoid  "  to  designate  bacilli  of  this  group  resemb- 
ling more  nearly  in  biological  characters  the  colon  bacillus  on  the  one 
hand  and  the  typhoid  bacillus  on  the  other,  but  at  that  time  the  or- 
ganisms now  known  as  paratyphoid  bacilli  had  not  been  identified. 

The  intermediates  include  Bacillus  enteritidis  and  similar  organ- 
isms recovered  from  cases  of  epidemic  meat  poisoning,  tihe  gas-pro- 
ducing typhoid-like  bacilli  of  various  observers.  Bacillus  psittacosis. 
Bacillus  choleras  suis.  Bacillus  icteroides,  bacillus  of  calf  septicaemia, 
and  the  various  other  paratyphoid  and  paracolon  bacilli  that  have 
been  described  recently. 

The  bacilli  intermediate  between  Bacillus  coli  and  Bacillus  ty- 
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phosus  can  be  distinguished  without  difficulty  from  either  of  them. 
They  produce  gas  in  glucose  media  and  in  this  respect  they  differ 
from  typhoid,  but,  unlike  Bacillus  coli,  they  do  not  produce  gas  from 
lactose,  coagulate  milk  or,  as  a  rule^  form  indol. 

They  are  not  agglutinated  by  ty^oid  sera  except,  as  in  the  case  of 
colon  bacilli,  in  lower  dilutions  than  typhoid  bacilli  because  of  group 
agglutinins. 

Among  the  intermediates  themselves,  however,  two  main  groups 
can  be  recognized,  and  it  is  proposed  to  call  these  paracolon  and  para- 
typhoid groups,  the  former  appearing  in  some  respecte  to  be  more 
nearly  allied  to  the  colon  bacillus  and  the  latter  more  nearly  to 
typhoid. 

The  main  points  of  difference  are  that  the  paracolons  turn  milk 
and  whey  alkaline  after  a  short  initial  acidity  and  form  gas  freely 
in  glucose  media,  while  with  the  paratyphoids  there  is  in  milk  and 
whey  an  initial  acidity,  but  no  or  very  slight  subsequent  alkalinity ; 
the  gas  production  in  glucose  media  is  mudi  less  pronounced.  Neu- 
tral red  agar  also  differentiates  between  the  two  groups.  Like  J?a- 
cillus  coli  all  the  intermediates  reduce  the  color  to  yellow  in  twenty- 
four  to  forty-eight  hours,  but  with  the  paratyphoids  after  four  or 
five  days  the  red  color  begins  to  return  from  above  downward  until 
in  two  or  three  weeks  the  medium  is  again  red  throughout  With 
the  paracolons  the  yellow  color  is  permanent- 
Agglutination  tests  have  taught  us  that  the  members  of  the  coli 
group  do  not  constitute  a  distinct  species  as  in  the  case  with  typhoid 
bacilli.  When  the  tests  are  applied  to  the  intermediates  it  is  found 
that  the  members  of  the  paracolon  group  do  not  all  show  mutual  re- 
actions, and  the  group  must,  therefore,  be  composed  of  a  number  of 
distinct  races,  as  is  the  case  with  BacilliLS  coli.  The  paratyphoids, 
on  the  other  hand,  most  of  which  have  been  isolated  from  cases  simu- 
lating typhoid  fever  belong  chiefly  to  two  strains;  that  is  to  say,  an 
active  serum  prepared  from  either  strain  of  the  bacilli  will  aggluti- 
nate all  the  others  of  that  strain.  The  paratyphoids,  then,  appear  to 
be  distinct  species  in  the  same  sense  that  the  typhoid  bacilli  are  a  dis- 
tinct species. 

It  may  be  found  possible  to  distinguish  various  species  within  the 
paracolon  group.  There  are  certainly  three  members  which  afford 
mutual  reactions — some  of  those  isolated  by  Schottmiiller,  one  by 
Kurth,  and  one  by  Libman — and  these  might  provisionally  be  called 
)ff-paratyphoids.  Since,  however,  there  are  others  of  the  paracolon 
group  which  have  caused  typhoidal  symptoms,  yet  do  not  appear  to 
belong  to  this  particular  species,  it  seems  a  little  premature  to  attempt 
these  fine  distinctions,  and  for  the  present  it  will  be  sufficient  to  con- 
fine ourselves  to  the  idea  of  the  two  main  groups: 

I.  The  Paracolons. — A  group  of  bacilli,  the  members  of  which  are 
culturally  much  alike,  but  constitute  several  distinct  species,  some  of 
which  may  give  rise  to  typhoidal  symptoms  in  man. 

II.  The  Paratyphoids. — Two  distinct  strains,  which  are  culturally 
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unlike  the  paraoalon  bacilli,  and  which  cause  typhoidal  symptom? 
in  man. 

Pathogenicity  in  man  has  been  established  for  other  of  the  inter- 
mediates.    Broadly  speaking  there  are  three  types  of  infection : 

1.  Typhoid  type,  caused  by  the  two  strains  of  paratyphoid  baciUi 
and  certain  of  the  paracolons.^ 

2.  Epidemic  meat-poisoning  type,  caused  by  Bacillus  enteritidis 
and  its  allies. 

3.  Psittacosis  type,  caused  by  Bacillus  psittacosis. 

In  addition  to  these  three  types  Griinbaum  has  suggested  that 
febrile  jaundice  may  be  caused  by  one  of  the  intermediates. 

Bacillus  icteroides  (Sanarelli),  which  is  probably  an  intermediate, 
is  no  longer  the  accredited  cause  of  yellow  fever,  but  is  considered 
simply  as  a  secondary  invader.  It  is  stated  that  it  ferments  dex- 
trose and  saccharose. 

The  Typhoid  Type, — The  Term  Paratyphoid  Fever. — Though 
Gilbert  introduced  the  terms  "  paracolon  '^  and  "  paratyphoid ''  in 
1893  to  designate  groups  of  bacilli,  Achard  and  Bensaude  (1896) 
were  the  first  to  employ  the  term  paratyphoid  in  a  clinical  sense. 
This  use  of  the  term  was  sanctioned  by  Schottmiiller  in  1901,  and 
has  been  adopted  by  several  recent  writers.  On  the  other  hand,  Cole- 
man seriously  questions  whether  the  term  should  be  recommended, 
as  it  leads  to  unfortunate  multiplicity.  He  considers  it  proven  that 
infection  with  paratyphoid  bacilli  is  often  manifested  by  symptoms 
practically  identical  with  typhoid  fever  except  for  the  Widal  reac- 
tion, that  there  are  differences  (biological  and  in  serum  reactions) 
even  among  the  paratyphoid  bacilli  themselves  (i^-paratyphoids), 
and  that  bacilli  of  the  enteritidis  type  may  at  times  produce  typhoidal 
symptoms.  He  believes  it  is  no  more  advisable  to  make  a  clinical 
subdivision  of  these  cases  than  of  the  cases  of  pneumonia  or  infec- 
tive endocarditis  which  may  be  due  to  one  of  several  different  micro- 
organisms. Paratyphoid  infections  do  not  constitute  a  clinical 
entity.  There  is  at  least  as  great  diversity  among  the  different 
types  of  typhoid  fever  as  between  typhoid  fever  and  paratyphoid  in- 
fections. Moreover,  typhoidal  symptoms  may  be  produced  by 
Petruschky's  Bacillus  alcaligenes  (the  author  states  that  it  was  ob- 
tained from  the  feces  of  patients  suspected  to  have  typhoid  fever) 
and  yet  this  bacillus  is  not  an  intermediate.  It  lies  just  without  the 
group  on  the  typhoid  side,  in  that  it  does  not  acidify  any  sugar-con- 
taining medium  (Dunham).  It  is  true  that  the  intestinal  lesions 
are  different  in  that  Peyer's  patches  are  not  usually  markedly  in- 
volved. Even  when  fatal  hemorrhages  occur  there  are  usually  found 
only  one  or  more  deep  erosions.  The  average  course  is  milder  and 
the  method  of  infection  somewhat  different 

These  various  considerations  make  it  necessary  to  abandon  the  idea 

of  the  specificity  of  the  clinical  disease  typhoid  fever.     As  in  the  case 

*  Petmsehky '8  BacUlus  fcBcalis  alcaligenes,  while  not  an  intermediate  of  the 
group  (Durham),  maj  also  produce  typhoidal  symptoms. 
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of  abscesses  the  physician  recognizes  the  clinical  fact,  the  bacteriol- 
ogist determines  the  causative  agent  It  certainly  seems  better  to 
confine  the  terms  "  paratyphoid  "  and  "  paracolon  "  to  the  domain 
of  bacteriology  and  to  hospital  practice,  where  bacteriological  exami- 
nations can  be  carefully  made,  and  to  broaden  the  scope  of  the  etiol- 
ogy of  typhoid  fever  to  include  these  several  organisms — Bacillus 
alccdigenes  (?),  BacUlus  typhosus.  Bacillus  paratyphosus,  and  cer- 
tain members  of  the  paracolon  group. 

Geographical  Distribution  and  Relative  Frequency  of  Paratsrphoid  Infec- 
tion.— The  cases  have  been  widely  distributed  geographically,  having 
been  observed  in  Paris,  Hamburg,  Bremen,  Strassburg,  Liverpool, 
Philippine  Islands,  New  York  City,  Baltimore,  and  Philadelphia. 

Very  little  can  be  said  of  the  relative  frequency  of  paratyjAoid 
infections.  Gwyn's  case  was  the  only  one  of  265  cases  which  failed 
to  give  Widal  reaction.  Six  of  Schottmiiller's  cases  occurred  in  a 
series  of  68  and  Kurth's  5  in  a  series  of  62  cases  whose  sera  were 
tested  for  the  Widal  reaction.  Johnston's  4  cases  were  found  among 
194,  and  Hewlett's  1  in  a  series  of  26  cases  of  typhoid  fever.  Hiin- 
ermann  has  reported  an  epidemic  of  38  cases  of  paratyphoid  infec- 
tion occurring  in  the  garrison  at  Saarbriick.  Falcioni  reports  5 
cases  out  of  100  cases  of  supposed  typhoid  fever.  The  proportion 
of  negative  Widal  reactions  is  low  in  the  statistics,  but  there  is  a 
source  of  error  here  in  that  until  very  recently  the  tests  have  not  been 
made  in  high-enough  dilutions — that  is,  at  least  as  high  as  1 :40. 

Post-mortem  Findings. — Autopsies  were  performed  on  3  fatal  cases 
(Strong,  Longoope,  Tuttle).  The  interest  in  these  autopsies  natur- 
ally centres  on  the  condition  of  the  intestines.  Strong  states  that 
both  the  lai^e  and  the  small  intestines  were  normal  throughout  ex- 
cept for  moderate  catarrh  and  a  few  superficial  hemorrhages.  The 
solitary  and  agminated  follicles  showed  no  lesions.  The  mesenteric 
lymphatics,  however,  and  some  along  the  small  intestines,  were 
hemorrhagic.  In  Longcope's  case  the  intestines  showed  no  changes 
either  on  gross  or  microscopic  examination.  The  spleen  in  both 
cases  was  enlarged.  The  other  pathological  changes  were  thoee  com- 
mon to  febrile  conditions.  In  Tuttle's  case  a  few  erosions  just  above 
the  ileocsecal  valve  were  present 

Source  of  Infecting  Bacilli.— Tuttle's  case  happened  to  be  a  labora- 
tory employe  in  the  service  of  the  Department  of  Health  and  was 
carefully  investigated  by  us.  We  found  that  two  families  consisting 
of  eleven  members  drank  water  from  an  open  uncovered  tank.  Dur- 
ing the  summer  the  tank  was  not  cleaned  and  was  only  occasionally 
filled  by  pumping  in  water  from  the  city  supply.  Sometimes  the 
water  was  the  color  of  tea.  During  a  single  week  four  members  of 
one  family  and  three  of  the  other  were  stricken  with  a  typhoid-like 
fever.     The  two  families  had  no  social  intercourse  with  each  other. 

Symptomatology. — It  is  a  significant  fact  that  many  of  the  reported 
cases  of  paratyphoid  infection  were  considered  to  be  genuine  typhoid 
fever  without  the  Gruber-Widal  reaction  until  a  bacteriological  study 
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revealed    their  true  nature.     Intestinal    hemorrhages  and  venous 
thrombosis  have  occurred  as  complications. 

The  duration  of  the  disease  has  varied  from  twelve  to  eighty-four 
days,  with  a  majority  of  the  cases  continuing  between  twenty  and 
thirtv-six  days.  Some  of  the  cases  have  been  of  short  duration,  last- 
ing from  twelve  to  eighteen  days. 

The  Semm  Reaction  in  Oases  of  Paratyphoid  Infection. — Since  the 
introduction  of  serum  reactions  as  a  means  of  diagnosis,  it  has  been 
a  well-recognized  fact  that  a  small  proportion  of  cases  which  are 
clinically  typhoid  fever  fail  to  give  the  reaction.  Brill,  adding  to 
Cabot's  statistics,  finds  that  of  4879  cases  4781,  or  97.9  per  cent, 
gave  the  reaction.  Gwyn  gives  99.6  per  cent  as  the  percentage  of 
positive  reactions  in  the  Johns  Hopkins  Hospital.  On  the  other 
hand,  in  most  of  the  reported  cases  of  paratyphoid  infection  a  reac- 
tion, except  with  low  dilutions,  against  the  Bacillus  typhosus  has 
been  absent.  It  is  probable,  then,  that  some  at  least  of  Ihe  typhoid 
cases  with  negative  reactions  were  really  paratyphoid  infection. 

Still  it  cannot  be  assumed  that  all  cases  clinically  typhoid  fever, 
which  have  been  reported  as  giving  the  Gruber-Widal  reaction, 
were  cases  of  genuine  typhoid  infection.  The  brilliant  work  of 
Dunham  on  the  tyjAoid-colon  group  of  bacilli  and  its  serum  reac- 
tions has  brought  out  the  fact  that  certain  members  of  this  group 
may  be  mutually  interacted  upon  by  sera  of  infected  patients  and 
of  immunized  animals.  This  is  especially  true  of  sera  in  low  dilu- 
tion. Since  in  the  earlier  years  of  the  Gruber-Widal  reaction  the 
technique  had  not  been  worked  out^  and  dilutions  were  more  fre- 
quently low  than  not,  some  of  the  cases  reported  as  typhoid  fever 
may  have  been  infections  with  paratyphoid  bacilli. 

Diagnosis. — The  only  reliable  criteria  for  diagnosis  are  absence  of 
the  Gruber-Widal  reaction  in  proper  dilution  (not  less  than  1:40) 
with  a  positive  reaction  against  a  known  paratyphoid  bacillus  or  the 
recovery  of  a  paratyphoid  bacillus  from  the  blood,  urine,  or  compli- 
cating inflammatory  process. 

The  clinical  type  of  the  disease  is  of  little  value  in  a  single  case. 
It  has  already  been  stated  that  the  reported  cases  of  paratyphoid  in- 
fection have  been  both  mild  and  severe. 

The  cases  of  paratyphoid  infection  are  too  few  to  state  what  the 
prognosis  should  be.  It  can  only  be  said  that  the  majority  of  the 
eases  have  been  mild,  though  there  have  been  about  9  per  cent,  of 
deaths  among  the  cases  reported. 

Epidemic  Meat-poisoning  Type. — Gartner  announced  his  discov- 
ery of  Bacillus  enteritidis  as  the  cause  of  epidemic  meat  poisoning 
in  1888.  A  cow  sick  for  two  days  with  profuse  diarrhoea  had  been 
slaughtered  in  Saxony  and  the  meat  sold  for  food.  Of  the  persons 
who  ate  of  the  meat  57  became  ill,  and  1  died.  Gartner  recovered 
the  bacillus  from  the  meat  and  from  the  organs  in  the  fatal  case. 

Previous  to  Gartner's  discovery  the  cause  of  meat  poisoning  had 
been  held  to  be  bacterial  products,  and  while  this  may  still  be  true  in 
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certain  instances  there  is  no  satisfactory  evidence  to  support  the  con- 
tention. All  cases  in  which  a  thorough  bacteriological  examination 
has  not  been  made  must  be  excluded. 

Two  kinds  of  bacilli  are  concerned  in  the  production  of  meat  pois- 
oning: 1.  Anaerobic  Bacillus  hotulinus  of  Van  Ermin^em,  a 
saprophyte.  2.  Bacillus  enteritidis  of  Gartner,  including  the  differ 
ent  strains  ol  this  organism. 

Of  these  bacilli,  Bacillus  enteritidis  is  the  more  important,  having 
been  concerned  in  the  greater  number  of  epidemics,  and  causing  true 
meat  poisoning.  It  seems  advisable,  however,  to  say  a  few  words,  by 
way  of  distinction,  on  infection  by  Bacillus  hotulinus. 

"  Botulism,"  "  allantiasis,"  and  "  sausage  poisoning "  are  the 
names  given  to  infection  by  Bacillus  hotulinus.  The  infection  of 
the  meat  takes  place  after  the  animal  has  been  slaughtered.  The 
meat  is  of  unsound  appearance  and  odor  and  can  readily  be  seen  to  be 
unfit  for  food. 

The  symptoms  begin  from  twelve  to  twenty-four  hours  after  inges- 
tion of  the  meat,  with  repeated  attacks  of  vomiting  and  abdominal 
pain.  Soon  the  diaracteristic  symptoms  appear:  partial  or  complete 
paralysis  of  the  inner  and  outer  recti  muscles  of  the  eye,  and  disturb- 
ances of  the  innervation  of  the  pharynx  and  larynx.  These  are  mani- 
fested by  imperfect  vision,  difficulty  of  speech  and  deglutition,  and 
dryness  of  the  throat  There  are  no  disturbances  of  sensation  or 
impairment  of  consciousness  and  the  disease  runs  its  course  without 
fever.  Constipation  and  retention  of  urine  follow;  dyspnoea  and 
cardiac  failure  appear,  and  bulbar  paralysis  may  supervene,  causing 
death.  In  earlier  years  the  mortality  from  sausage  poisoning  was 
from  30  per  cent  to  60  per  cent,  but  this  has  been  much  reduced 
through  a  better  understanding  of  the  disease.  It  may  be  prevented 
b>  thoroughly  cooking  the  meat  and  by  refusing  to  accept  from  the 
butcher  meat  that  is  the  least  tainted. 

True  Meat  Poisoning. — This  form  of  meat  poisoning  is  due  to  Bacil- 
lus enteritidis,  and  in  every  instance  the  animal  is  diseased  at  the  time 
of  the  slaughter.  It  may  be  contracted  by  eating  sausage,  since  the 
meat  of  diseased  animals  is  sometimes  surreptitiously  put  on  the 
market  in  the  form  of  sausage. 

Dunham  makes  Bacillus  enteritidis  the  chief  type  of  flie  inter- 
mediates and  proposes  the  name  "  the  enteritidis  group."  Buxton 
classes  the  bacillus  with  the  paracolons.  It  does  not  ferment  lactose ; 
milk  becomes  more  alkaline ;  it  ferments  dextrose  with  a  production 
of  gas  containing  about  one-third  CO2,  two-thirds  H,  and  it  also  fer- 
ments mannite,  maltose,  and  dextrin. 

Bacillus  enteritidis  is  pathogenic  for  cows,  horses,  pigs,  goats, 
mice  and  guinea-pigs,  but  not  for  dogs  and  cats. 

The  Infected  Meat. — In  many  epidemics  Bacillus  enteritidis  has 
been  isolated,  not  only  from  the  organs  of  fatal  cases,  but  from  the 
suspected  meat  The  meat  does  not  differ  in  appearance  or  taste 
from  that  of  healthy  animals.     It  has  already  been  stated  that  it  may 
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be  made  into  sausages,  and  one  epidemic  at  least  has  been  caused  by 
eating  "  dried  meat "  consisting  of  large  pieces  of  the  flesh  of  sheep 
and  goats  neariy  dried  in  the  sun  and  eaten  cooked  or  merely  softened 
by  soaking.  Cooking  does  not  always  destroy  the  bacilli,  as  the 
thermal  death  point  may  not  be  reached  in  the  interior  of  the  meat. 
Infected  meat  which  is  not  eaten  immediately  after  it  has  been 
cooked  is  especially  dangerous. 

The  meat  has  always  come  from  animals  sick  at  the  time  of  slaugh- 
ter. The  meat  of  cows  and  calves  have  most  often  caused  the  epi- 
demics, though  that  of  horses,  pigs,  and  goats  have  also  been  respon- 
sible. Dunham  says  that  no  known  case  has  come  from  mutton,  and 
that  die  pig  has  been  implicated  in  only  one  outbreak  which  has  been 
studied  bacteriologically.  In  this  connection  it  is  interesting  to  re- 
call that  Theobald  Smith  has  insisted  on  the  similarity  between  the 
hog-cholera  bacillus  and  BacUlus  enieritidis. 

The  animals  from  which  the  infected  meat  has  come  have  suffered 
during  life  from  puerperal  fever  and  uterine  inflammations,  navel 
infection  in  calves,  septicsemia,  septicopysemia,  diarrhoea,  and  local 
suppurations,  and  have  not  infrequently  been  killed  because  of  their 
unsound  condition.     How  animals  become  infected  is  not  known. 

Dunham  thinks  milk  may  be  a  source  of  infection  in  man,  but 
states  that  bacteriological  eviden^  of  it  is  incomplete.  BacUlus  en- 
teriiidis  has  been  found,  however,  in  the  milk  of  infected  guinea-pigs 
(Basenau). 

Transmission  to  Man. — The  disease  may  be  transmitted  to  man  in 
two  ways:  (1)  by  eating  the  infected  meat,  and  this  is  by  far  the  most 
common  means,  and  (2)  from  man  to  man  according  to  Gartner,  Van 
Erminghem,  and  Fischer.  Dunham  found  inconclusive  evidence  of 
this  means  of  transmission  in  one  epidemic.  Fisdier  thinks  trans- 
mission may  take  place  through  the  excreta.  It  will  subsequently  be 
seen  that  psittacosis  may  be  transmitted  from  man  to  man. 

Epidemics  of  meat  poisoning  may  occur  in  any  season,  but  are  more 
frequent  during  the  warm  months. 

Symptomatology — ^While  the  characteristic  symptoms  of  sausage 
poisoning  relate  to  the  nervous  system,  in  true  meat  poisoning  they 
are  gastrointestinal.  Fischer  divides  meat  poisoning  into  three  clin- 
ical forms:  (1)  typhoidal;  (2)  choleraic;  (3)  gastroenteric. 

Prevention. — Since  neither  appearance  nor  taste  affords  any  clue  to 
the  noxious  quality  of  the  infected  meat,  its  unfitness  for  food  can 
only  be  told  through  bacteriological  examination  or  a  knowledge  of 
its  source.  Dunham  states  that  thorough  cooking  will  kill  the  ba- 
cilli, but  it  must  be  remembered  that  in  this  process  the  thermal 
deatfi-point  of  the  bacilli  may  not  be  reached  in  the  innermost  por- 
tions of  the  meat 

BACILLUS  ALOALIOENES. 

This  bacillus  resembles  a  colon  bacillus  which  has  lost  its  power 
to  ferment  sugars.     Morphologically  it  resembles  the  typhoid  ba- 
19 
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cillus.  It  18  frequently  present  in  the  intestines  and  may  have  patho- 
genic properties,  which  facts  have  already  been  mentioned  in  speak- 
ing of  the  intermediate  group  of  bacilli  on  p.  268. 

THE  DTSENTEBT  BACILLU&-THE  PABADYSENTEBY  BAOILLI 
(MANNITE  FEBMENTINO  TYPES). 

Dysentery  may  be  divided  into  acute  and  chronic.  Amoebae  ap- 
pear to  be  the  chief  exciting  factor  in  most  cases  of  chronic  dysentery, 
though  bacilli  of  the  colon  group  also  play  a  part 

In  temperate  climates  acute  dysentery  is  but  very  rarely  due  to 
amoebee,  but  usually  to  the  bacilli  identified  by  Shiga  or  to  allied 
strains  identified  by  Kruse,  Mexner,  and  Park.  By  dysentery  we 
mean  a  definite  symptom  complex ;  it  is  not  an  etiological  term. 

Historical  Note. — In  1897  Shiga  found  in  the  stools  of  cases  of 
dysentery  a  bacillus  which  had  not  been  before  identified.  This  ba- 
cillus had  many  of  the  characteristics  of  the  colon  bacillus,  but  dif- 
fered from  it,  lacking  motility  and  failing  to  produce  gas  from  the 
fermentation  of  sugar.  It  also  was  entirely  distinct  in  its  aggluti- 
nation characteristics  and  in  its  pathogenic  properties.  Shiga  found 
this  bacillus  present  in  all  the  cases  of  epidemic  dysentery  that  he 
examined.  It  was  most  abundant  during  the  height  of  the  disease 
and  disappeared  with  the  return  of  faical  stools.  It  was  not  found 
in  the  stools  of  healthy  persons.  He  found  that  the  blood  of  dysen- 
teric patients  contained  substances  which  agglutinated  the  bacilli  that 
he  had  isolated.  The  serum  from  healthy  individuals  did  not  ag- 
glutinate the  bacilli  to  any  such  degree  as  the  serum  from  those  sick 
with  dysentery.  When  the  mucous  membrane  of  the  colon  was  ex- 
amined in  fatal  cases  dying  in  the  height  of  the  disease,  the  bacilli 
were  found  in  the  superficial  layers  in  almost  pure  cultures.  A 
criminal  fed  with  a  culture  of  the  bacillus  developed  typical  dysen- 
tery. Certain  animals,  such  as  dogs,  when  subjected  to  treatment 
which  made  them  more  susceptible,  were  attacked  with  dysentery 
after  feeding  on  cultures.     This  was  fairly  similar  to  that  in  man. 

Morphological  and  Cultural  Characteristics  of  Dysentery  BadUL — 
Microscopic.  — Similar  to  bacilli  of  the  colon  group. 

Staining. — Similar  to  bacilli  of  the  colon  group. 

Motility. — No  definite  motility  has  been  observed.  The  molecular 
movement  is  very  active. 

Flagella. — True  flagella  have  not  been  observed  by  most  examiners. 
On  a  very  few  bacilli  in  suitable  smears  Goodwin  demonstrated  what 
appeared  to  be  terminal  flagella.     Spores  are  not  formed. 

Appearance  of  Cultures. — On  gelatin  the  colonies  appear  more  like 
the  typhoid  than  the  colon  bacilli.  Gelatin  is  not  liquefied.  On 
agar  growth  is  somewhat  more  delicate  than  that  of  the  average  colon 
cultures. 

On  Potato, — A  delicate  growth  just  visible  or  distinctly  brownish. 

In  Bouillon. — Diffuse  cloudiness  with  slight  deposit  and  sometimes 
a  pellicle.     Indol  not  produced  or  in  a  trace  only. 
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In  glucose  hoiiillon  no  production  of  acid  or  gas. 

Neutral  red  agar  is  not  blanched. 

In  Litmus  MUk. — After  twenty-four  to  forty-eight  hours  this  be- 
comes a  pale  lilac.  Later,  three  to  eight  days,  there  is  a  return  to 
the  original  pale  blue  color.  The  milk  is  not  otherwise  altered  in  ap- 
pearance. 

Pathogenesis. — ^Animal  Tests. — No  characteristic  lesions  have  fol- 
lowed swallowing  large  quantities  of  bacilli.  Dogs  at  times  have 
had  diarrhoea  with  slimy  stools,  but  section  showed  merely  a  hy- 
peraemia  of  the  small  intestine. 

Many  animals  are  very  sensitive  to  bacilli  injected  into  vein  or 
peritoneum ;  0.1  mg.  of  agar  culture  injected  intravenously  produced 
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Dysentery  bacilli,     x  1000  dlnm.  Colony  of  dysentery  bacilli 
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diarrhoea,  paralysis,  and  death;  0.2  mg.  under  the  skin  have  killed, 
and  the  same  amount  in  the  peritoneum  has  caused  bloody  peritonitis, 
with  lowered  temperature  and  diarrhoea.  Both  small  and  large  ani- 
mals are  very  sensitive  to  killed  cultures. 

The  autopsy  of  animals  dying  quickly  from  injection  into  the  peri- 
toneum of  living  or  dead  bacilli  shows  the  peritoneum  to  be  hyper- 
ffimic,  the  cavity  more  or  less  filled  with  serous  or  bloody  serous  exu- 
date. The  liver  is  frequently  covered  with  fibrinous  masses.  The 
spleen  is  moderately  or  not  at  all  swollen.  The  small  intestine  is 
filled  with  fluid,  the  large  intestine  is  usually  empty.  The  mucous 
membrane  of  both  is  hypersemic  and  sometimes  contains  hemorrhages. 
Conradi  found  ulcer  formation  in  one  case. 

Subcutaneous  injections  of  dead  or  living  cultures  are  followed  by 
infiltration  of  tissues  and  frequently  by  abscess  formation.  The 
dysentery  bacilli  produce  both  extracellular  and  cellular  toxins,  the 
latter  being  the  most  abundant  The  elimination  of  these  toxins 
from  the  body  is  supposed  to  take  place  through  the  intestines,  and 
this  gives  rise  to  the  intestinal  lesions  in  animals  injected  intraven- 
ously or  intraperitoneally.  The  dysentery  bacilli  are  not  found  in 
the  blood  or  organs  of  animals. 
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In  Man. — In  the  onset  acute  dysentery  is  sudden  and  ushered  in 
by  cramps,  diarrhoea,  and  tenesmus.  The  stools  at  first  feculent,  then 
seromucous,  become  bloody  or  composed  of  coffee-ground  sediment. 
At  the  height  of  the  disease  there  are  ten  to  fifty  stools  in  the  twenty- 
four  hours.  After  two  to  seven  days  the  blood  usually  disappears. 
In  temperate  climates  the  mortality  varies  from  5  to  20  per  cent. 
Bacillary  dysentery  is  a  disease  especially  of  the  mucous  membrane 
of  the  large  intestines.  The  epithelium  .is  chiefly  involved.  In  the 
lightest  cases  a  catarrhal  inflammation  is  alone  present,  in  the  more 
severe  the  lymph  follicles  are  swollen  and  some  necrosis  of  epithe- 
lium takes  place. 

In  severe  cases  in  adults  the  lesions  are  of  a  diphtheritic  character 
and  may  be  very  marked.  The  entire  lumen  of  the  intestines  may 
be  filled  with  a  fibrinous  mass  of  pseudomembrane.  In  young  chil- 
dren, even  in  fatal  cases,  the  lesions  may  be  more  superficial.  The 
following  macroscopic  and  microscopic  report  of  the  intestinal  find- 
ings on  a  fatal  case  of  bacillary  dysentery  in  an  infant  is  a  typical 
picture : 

Small  Intestines. — Slightly  distended.  Mesenteric  glands  large 
and  red.     Peyer's  patches  are  swollen  slightly  without  ulceration. 

Large  Intestines. — Outer  surface  vessels  congested  and  prominent, 
on  section  covered  with  a  yellowish  mucus.  Mucous  membrane 
seems  to  be  absent  in  places.  Solitary  follicles  are  elevated  and  en- 
larged, especially  in  the  region  of  sigmoid  flexure.  In  some  instances 
the  centres  of  the  follicles  are  depressed  and  appear  to  be  necrotic. 

Large  Intestine. — Mucous  glands  are  for  the  most  part  normal,  but 
over  the  solitary  follicles  they  have  broken  down  somewhat  and  con- 
tain polynuclear  leukocytes.  The  interglandular  stroma  in  these 
places  has  undergone  necrosis.  The  necrotic  area  extends  down  into 
the  submucosa  in  the  region  of  the  solitary  follicles.  The  capillaries 
of  the  solitary  follicles  are  much  dilated  and  congested.  The  sub- 
mucosa is  thickened  and  slightly  (edematous.  The  connective-tissue 
cells  appear  to  have  undergone  a  slight  hyaline  degeneration.  The 
musculature  is  not  affected,  neither  is  the  peritoneal  coat. 

Small  Intestines. — ^Normal. 

Paradysentery  Bacilli  as  Exciters  of  Dsrsentery. — ^In  1900  Flexner 
and  Strong,  when  in  the  Philippine  Islands,  isolated  bacilli  from 
dysenteric  stools  which  were  identical  with  the  Shiga  cultures.  At 
first  all  cultures  were  supposed  to  be  of  the  Shiga  type,  but  later, 
among  those  isolated,  bacilli  were  found,  which  differed  from  Shiga's 
in  many  characteristics.  In  the  same  year  Kruse,  in  Germany,  ob- 
tained from  dysenteric  cases  in  an  asylum  bacilli  which  appeared  to 
him  to  be  culturally  like  those  isolated  by  Shiga,  but  to  differ  in  their 
agglutinating  characteristics.  These,  like  those  isolated  by  Flexner, 
v^ere  later  found  to  differ  in  many  characteristics.  In  1902  Buval 
and  Bassett,  in  Baltimore,  thought  they  had  found  the  Shiga  bacilli 
in  the  stools  of  a  number  of  cases  of  summer  diarrhoea.  These  later 
proved  to  be  identical  with  some  of  the  bacilli  isolated  by  Flexner 
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in  Manila.  During  the  same  summer  Park  and  Dunham  isolated 
a  baeUlus  from  a  severe  case  of  dysentery  occurring  during  an  epi- 
demic at  Seal  Harbor,  Mt  Desert,  Maine,  which  they  showed  to 
differ  from  the  Shiga  bacillus  in  that  it  produced  indol  in  peptone 
solution  and  differed  in  agglutinating  characteristics.^  They  at 
first  considered  it  identical  with  the  Philippine  culture  given  them 
by  Flexner,  but  in  January,  1903,  it  was  shovm  by  Park  to  be  a  dis- 
tinct variety,  and  later  found  by  him  to  be  the  exciting  factor  in  a 
large  number  of  cases  in  several  widely  separated  epidemics. 

Martini  and  Lentz^  published  the  results  of  their  work  in  De- 
cember, 1902.  They  showed  that  the  Shiga  type  of  bacilli  obtained 
from  several  separate  epidemics  in  Europe  agreed  with  the  original 
Shiga  culture  in  that  it  did  not  ferment  mannite.  The  cultures  of 
this  type  agreed  with  each  other  in  agglutinating  characteristics. 
When  the  bacilli  from  Flexner,  Strong,  Kruse,  Park,  Duval  and 
others,  which  differed  from  the  Shiga  culture  in  their  agglutinins, 
were  tested  they  were  all  found  to  ferment  mannite.  Martini  and 
Lentz  considered  that  the  Shiga  bacillus  was  the  true  dysentery  type 
and  that  the  mannite-fermenting  variety  or  varieties  might  be  mere 
saprophytes,  or  perhaps  be  a  factor  in  the  less  characteristic  cases. 

In  January,  1903,  Hiss^  and  Russell,  independently  of  others, 
showed  that  a  bacillus  isolated  by  them  from  a  characteristic  stool 
differed  from  Shiga's  bacillus  in  the  same  characteristics  as  men- 
tioned by  Martini  and  Lentz. 

At  the  beginning  of  the  summer  of  1903,  therefore,  it  was  estab- 
lished, although  not  fully  recognized,  that  there  were  in  dysenteric 
stools  at  least  two  distinct  types  of  bacilli,  the  true  Shiga  type  and 
the  type  fermenting  mannite  and  producing  indol.  It  was  later 
established  that  the  second  type  contained  more  than  one  variety. 

The  German  observers  considered  the  Shiga  type  as  the  only  one 
which  had  established  its  causal  relation  to  acute  dysentery,  while 
the  American  observers  generally  considered  both  types  to  have  equal 
standing  and  some*  of  them  considered  these  differences  as  not  im 
portant  and  perhaps  not  permanent  This  latter  opinion  seems  to 
have  been  held  by  Shiga.^ 

We  took  up  the  investigation  at  this  point  with  the  object  of  care- 
fully studying  the  bacilli  isolated  by  us  from  acute  dysentery,  which 
occurred  in  a  number  of  widely  separated  epidemics.  We  hoped 
thus  to  determine  whether  the  bacilli  exciting  acute  dysentery  in  the 
Eastern  States  belonged  to  a  few  distinct  types  or  were  divided  into 
a  large  number  of  varieties. 

In  the  most  extensive  epidemic  that  has  recently  occurred  in  the 
region  of  New  York  City  there  were  in  all  some  600  cases  of  acute 
typical  dysentery.     Whole  families  were  attack-ed  with  the  disease. 

*New  York  University  Bulletin  of  the  Medical  Sciences,  October,  1902,  p.  187. 
•Zeitschrift  f.  Hygiene  n.  Infectionskrank.,  1902,  xli.,  540  and  559. 
•Medical  News,  1903,  Imii.,  289. 

*  University  of  Pennsylvania  Medical  Bulletin,  July  and  August,  1903. 
•Zeitschrift  f.  Hygiene  u.  Infectionskrank.,  1902,  xli.,  356. 
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The  majority  of  the  cases  were  of  moderate  severity,  the  dysenteric 
disdiarges  lasting  from  one  to  two  weeks.  There  were  a  number  of 
light  cases,  but  all  had  dysenteric  stools  containing  mucus  and  blood. 
The  mortality  was  about  6  per  cent.  Judging  from  the  cases  investi- 
gated by  us,  over  one-half  of  those  attacked  seem  to  have  been  infected 
by  the  Shiga  type,  and  these  were,  as  a  rule,  the  most  severe  cases. 
Most  of  the  cases  in  two  severe,  though  localized,  epidemics  in  a 
Pennsylvania  town  and  at  Sheepshead  Bay  were  also  due  to  this 
type.  The  mortality  was  higher  in  these  epidemics.  The  facts  pub- 
lished abroad  indicate  that  this  variety  has  been  found  in  the  diief 
epidemics  in  Europe  and  Asia.  We  have  never  yet  succeeded  in 
isolating  bacilli  which  had  all  the  characteristics  of  the  Shiga  va- 
riety from  any  diarrhoea  cases  in  which  no  dysenteric  symptoms  a]> 
peared. 

We  turn  now  to  the  mannite-fermenting  varieties,  whose  relation- 
ship to  dysentery  is  still  doubted  by  some. 

The  cultures  isolated  by  us  from  over  40  cases  were  found  to  fall 
largely  into  two  distinct  types,  one  of  which  differs  from  the  Shiga 
bacillus  more  radically  than  the  other. 

The  variety  nearer  to  the  Shiga  bacillus  has  the  characteristics  of 
the  culture,  which  was  isolated  by  us  at  Seal  Harbor,  Maine,  in  Au- 
gust, 1902.  The  other  variety  is  represented  by  the  Flexner  Philip- 
pine type. 

The  first  type  differs  from  the  Shiga  bacillus  in  its  agglutinating 
characteristics  and  in  that  it  produces  considerable  indol  in  peptone 
solution  and  ferments  mannite  with  the  production  of  acids.  The 
second  type  differs  in  these  points  and  in  addition  in  its  agglutinating 
characteristics  and  in  fermenting  chemically  pure  maltose  in  pep- 
tone solution. 

Besides  the  epidemic  at  Seal  Harbor,  numerous  cases  of  moder- 
ately severe  or  slight  dysentery  due  to  the  first  type  were  met  with  in 
the  extensive  epidemic  which  has  been  already  alluded  to  in  the  towns 
north  of  New  York  City.  A  few  characteristic  and  many  slightly 
developed  cases  of  dysentery  in  New  York  City  during  the  past  two 
summers  were  caused  by  this  type  of  bacillus.  A  great  many  cases 
are  also  due  to  the  Philippine  type.  A  number  of  rather  severe  cases 
of  dysentery  developed  in  Orange,  N.  J.  Cultures  from  two  cases 
were  made,  and  this  latter  type  alone  obtained.  The  following  is  a 
typical  case.  Eighteen  out  of  thirty  colonies,  selected  from  the 
plates,  when  tested  proved  to  be  dysentery  bacilli  of  the  Philippine 
type. 

Dorothy  D.,  aged  two  years  and  three  months.  Seen  first  July 
29th,  a  day  after  the  child  had  eaten  green  apples.  Previous  to  this 
the  child  had  had  an  attack  of  vomiting  and  diarrhoea,  the  sickness 
lasting  two  weeks ;  the  diarrhoea  had  subsided  only  two  days  before 
present  illness.  No  blood  was  seen  during  this  first  attack.  When 
first  seen,  the  child  had  a  temperature  of  104.6®,  with  vomiting  and 
diarrhoea.     After  a  calomel  purge  the  patient  was  better ;  the  follow- 
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ing  day,  however,  the  diarrhoea  started  up  again  and  the  tempera- 
ture rose.  The  stools  were  numerous,  small,  containing  mucus  and 
blood,  preceded  by  pain  and  accompanied  by  tenesmus.  Many  of  the 
stools  consisted  of  nothing  but  blood  and  mucus.  Sixteen  move- 
ments were  the  greatest  number  recorded  in  a  day.  On  August  2d 
ten  cubic  centimeters  of  dysenteric  serum  were  injected.  There 
seemed  to  be  some  improvement  in  the  character  of  the  stools  follow- 
ing the  injection.  On  August  4th  and  6th  the  injections  were  re- 
peated, being  followed  each  time,  apparently,  by  some  improvement 
in  the  child's  condition.  The  blood  disappeared  in  eight  or  nine 
days,  and  the  child  had  then  five  movements  daily,  consisting  largely 
of  mucus. 

At  Riker's  Island  a  number  of  men  were  filling  in  new  land. 
Dysentery  broke  out  and  spread  to  a  number  of  the  men,  as  well  as 
to  the  jJiysician  in  charge.  Those  infected  had  usually  a  short, 
sharp  attack  with  a  quick  recovery.  Very  large  amounts  of  blood 
were  passed  by  some  of  the  sick. 

In  some  a  large  proportion  of  the  bacteria  isolated  were  bacilli  of 
the  Philippine  type.  No  other  type  of  dysentery  bacilli  was  found 
in  any  of  the  cases  in  this  epidemic. 

Charlton  and  Jehle  report  a  series  of  cases  occurring  in  St  Ann's 
Hospital,  Vienna,  in  which  mannite-fermenting  types  were  the  only 
dysenteric-like  organisms  present  The  cases  on  tiie  average  ran  a 
much  milder  course  than  those  in  which  the  true  dysentery  bacilli 
were  present 

Table  T. — Agglutination  of  hacilli  belonging  to  the  three  types  in  the  serum  of 
a  young  goat  injected  with  the  bacillus  isolated  by  Shiga,  in  Japan, 

DilutioDS  of  Serum. 


Source.  1 :  20       1  :  50       1 :  100       1  :  200       1  :  500       1 :  2000       1  :  5000 

Type  L    Shiga. 

1.  Original,  Japen^Shiga, 

2.  Kew  HaTen— DuTal, 
t,  Tuckahoe— Carey, 

4.  Coney  Island— Collins, 

5.  Mi.  Vernon,  Case  T.— Collins, 
«.    •«        "  "   IT.         ♦• 

7.  "        ••  "III.         " 
Type  11. 

8.  Original,  ML  Deeert-Park, 
«.  New  York  City— Goodwin, 

10.  Hospital,  New  York— Collins, 

11.  Foundling  Hospital— Hins, 

12.  Mt.  Vernon,  Case  I.— Collins, 
U^    ••        "  ••  II. 

TypellL 

14.  Original,  Manila— Flexner, 

15.  Baltimore— DoTal, 
1«.  New  York  Qty-Wollstoin, 

17.  Orange— Collins, 

18.  Biker's  Island— Goodwin,  ,  ,  .  ,  .  , 
The  Mnim  of  this  goat  before  injection  did  not  agglutinate  any  of  the  above  badlH  in  1 :  10  dilution. 

+  +  =  complete  reaction.  -|-  =  good  reaction.  |  -^  slight  reaction, 
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When  the  agglutinating  characteristics  of  these  bacilli  and  their 
susceptibility  to  immune  sera  are  studied  carefully,  we  find  that  each 
of  the  three  types  differs  from  the  others.  The  mannite  and  the 
maltose  types,  since  in  animals  they  stimulate  abundant  common 
agglutinins  and  immune  bodies,  seem  more  closely  allied  to  each  other 
than  to  the  Shiga  type. 

This  is  seen  in  tiie  accompanying  tables,  in  which  bacilli  from  a 
number  of  cases  obtained  from  different  sources  are  tested  in  sera  from 
animals  which  have  each  received  a  single  type  of  dysentery  bacillus : 

Table  II. — Showing  <igglutinati<m  of  members  of  three  types  in  the  serum  of 
animals  injected  with  hacUli  of  Type  II, 

Goat  ii^eotod  with  No.  4.  Rabbit  ii^ected  with  No.  6. 


Source 

1:20 

1:60 

1:100 
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1:800 
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Type  II. 
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The  serum  of  the  above  animals  previous  to  immunization  did  not  agglutinate  any  of  ihe  above 
bacilli  in  a  1 :  20  dilution. 

Table  III. — Showing  agglutinations  of  members  of  three  types  in  the  serum  of 
animals  injected  with  bacilli  of  Type  III. 

Rabbit  injected  with  Baltimore,  Duval. 


10 

60 

100 

600 

1,000 

6,000 

10,000 

Type  I. 

1.  Japan— Shiga,  and  6  other  cultures. 

+  -1- 
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— 

Typell. 

6.  Mt  Desert-Park,  and  6  other  cultures. 

++ 
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— 

Type  III. 

Manila— Flezner,  and  5  other  cultures. 

++• 
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++ 
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*++ 
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M- 

Previous  to  immunization  the  serum  agglutinated  the  bacilli  of  Type  III.  in  1  :  20  dilution  but  none 
of  the  others  even  in  1  :  10.  This  is  one  of  the  few  animals  in  which  agglutinins  for  Type  I.  devel- 
oped through  the  injections  of  bacilli  of  the  other  types. 

Table  FV. — Showing  how  Type  III.  is  unable  to  absorb  the  agglutinins  produced 
through  injections  of  Type  II.  Serum  from  rabbit  inoculated  with  Mt,  Ver- 
non culture,  Type  II, 

Agglutinins  exhausted  with 

before  ^  ^ 

absorp-               Baltimore,  Duval  Mt.  Vernon,  cc., 

tion.  f -^ >  / * ^ 

1  :  20    1  :  50    1  :  100    1  :  200  1  :  400    1  :  20    1  :  50    1  :  100 
Type  I. 

Shiga,  6  other  cultures,                  1:10          —        —          —       ''__  _  ____          _ 

Type  II. 

Mt.  Desert, 5  other  cultures,          1  :  600  +++++++ |  |             —       —          — 
Type  III. 

Manila,  5  other  cultures,                1:100         —         —          —          —  —         ++        |  — 
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Before  injections  this  rabbit's  seerum  agglutinated  Types  II.  and 
III.  in  1 :  20  dilutions. 

The  considerable  amount  of  common  agglutinins  affecting  Type 
II.  and  Type  III.  is  seen  to  be  absorbed  by  the  bacilli  of  either  type. 
The  larger  amount  of  specific  agglutinin  is  left  in  the  serum  when 
any  bacillus  other  than  one  of  identical  characteristics  with  the  ba- 
cillus used  in  the  immunization  is  employed. 

Table  V. — Showing  that  horses  injected  with  Shiga  and  Philippine  types  develop 
specific  agglutinins  for  the  hacilli  belonging  to  these  two  types  and  common 
agglutinins  for  the  varieties  included  wider  Type  II. 


Serum 

after 

Same  serum 

after  saturation  with  cultures 

of 

injec- 
tions for 
several 
months. 

Cultures. 

Shiga 
Type. 

Type  III. 

Typell. 

Pyooy- 
aneus. 

Typhoid. 

Colon. 

Type  I. 

Shiga,  original,  and  4  others. 

+1500 

-10 

+400 

+.700 

+1000 

+800 

+800 

Type  II. 

Park,  original,  and  4  others, 

+  600 

—  10 

—  10 

—  10 

+  600 

+  80 

+  60 

TypeU.    (B.) 

Brooklyn 

+  600 

+  20 

+  10 

+  60 

+  800 

+100 

+  60 

TypelL    (C.) 

+  300 

-  10 

-  10 

+  60 

+    60 

+  10 

+  20 

TypelL    (D.) 

+  600 

—  20 

—  10 

+  60 

+  100 

+  80 

+  60 

Type  in 

Flexner  original  and  4  others, 

-1200 

+400 

-.10 

+600 

+  800 

+800 

+600 

The  manipulation  necessary  in  making  dilutions  and  filtering,  as 
well  as  the  eflFect  of  standing,  cause  a  certain  amount  of  destruction 
of  agglutinins. 

Summary. — The  great  majority  of  flie  bacilli  which  have  been  iso- 
lated from  cases  of  dysentery  not  due  to  amoebfle,  and  whidi  must 
be  considered  as  being  exciting  factors  in  that  disease,  are  included 
in  three  distinct  varieties  or  types. 

The  type  most  frequently  found  in  severe  epidemics  is  that  of  the 
first  culture  isolated  by  Shiga.  Bacilli  identical  in  biochemical  and 
agglutinating  characteristics  with  this  bacillus  have  been  isolated 
from  cases  of  dysentery  in  many  parts  of  the  world.  None  of  the 
bacilli  belonging  to  this  type  produce  indol,  except,  perhaps,  in  a 
trace,  or  ferment  mannite,  maltose,  or  saccharose.  Animals  injected 
with  this  type  produce  specific  agglutinins  for  this  type  in  abundance 
and  only  very  little  that  combines  with  the  others. 

The  second  type  ferments  mannite  with  the  production  of  acid, 
but  does  not  split  maltose  or  saccharose  in  peptone  solution  or  agar. 

It  produces  indol.  Animals,  after  inoculations  with  it,  develop 
immune  bodies  and  agglutinins  specific  for  the  type.  They  also  de- 
velop in  considerable  proportion  immtme  bodies  and  agglutinins 
which  have  affinity  for  the  bacilli  of  Type  III.  and  to  a  slight  extent 
for  Type  I. 

The  third  type  is  nearest  to  the  colon  group,  since  it  not  only  pro- 
duces indol  and  actively  ferments  mannite,  but  also  acts  energetically 
upon  pure  maltose  and  feebly  upon  saccharose. 

Animals  injected  with  this  type  develop  specific  immune  bodies 
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and  agglutinins,  and  also  abundant  immune  bodies  and  agglutinins 
which  have  an  affinity  for  the  bacilli  of  Type  II.  and  for  many  ba- 
cilli of  the  colon  group.  For  Type  I.  these  substances  are  but  slightly 
developed. 

These  two  mannite-fermenting  types  are  widely  scattered  over  the 
world,  and  certainly  cause  characteristic  cases  and  epidemics  of  dysen- 
tery, although  on  the  average  the  disease  caused  by  them  is  milder 
than  when  due  to  the  Shiga  bacillus.  One  or  the  other  of  these  two 
types  also  appears  at  times  in  small  numbers  in  mixed  infections 
where  dysenteric  symptoms  are  almost  or  entirely  absent 

Although  the  majority  of  bacilli  obtained  have  had  the  character- 
istics of  one  of  the  above  types,  a  few  bacilli  have  also  been  met  with 
which  differ  slightly  in  biochemical  as  well  as  agglutinating  char- 
acteristics. 

It  seems,  therefore,  that  these  three  types  should  be  considered  as 
the  characteristic  representatives  of  three  groups. 

In  consideration  of  all  the  above  facts,  it  seems  to  us  incorrect  to 
name  the  mannite-fermenting  groups  as  pseudodysentery  bacilli.  If 
we  call  them  all  dysentery  bacilli,  we  must  classify  them  as  dysentery 
bacilli  of  the  Shiga  group,  of  the  group  fermenting  mannite,  but  not 
maltose,  and  of  the  one  fermenting  both  mannite  and  maltose. 

This  manner  of  differentiating  the  groups  would  be  very  confusing, 
and  it  seems  to  us  more  convenient,  and  better,  to  restrict  the  name 
dysentery  to  bacilli  having  the  characteristics  of  the  bacillus  isolated 
by  Shiga,  and  give  the  name  paradysentery  to  the  other  two  groups 
which  approach  more  closely  to  the  colon  group  in  that  they  produce 
indol  and  have  a  greater  range  of  activity  in  fermenting  carbohy- 
drates. 

An  additional  reason  for  the  use  of  the  prefix  para,  beyond  that  of 
convenience,  is  the  less  average  severity  of  the  disease  due  to  these 
types,  and  the  probability  that  there  will  be  found,  in  occasional 
sporadic  cases  and  epidemics  of  dysentery,  bacilli  which  have  a 
causal  relation  to  dysentery  and  exhibit  more  pronounced  character- 
istics of  the  colon  group  than  any  of  the  varieties  so  far  isolated. 


CHAPTER  XXII. 
THE  TYPHOID  BACILLUS. 

This  organism  was  first  observed  by  Eberth,  and  independently  by 
Koch,  in  1880,  in  the  spleen  and  diseased  areas  of  the  intestine  in 
tyjiioid  cadavers,  but  was  not  obtained  in  pure  culture  or  its  princi- 
pal biological  features  described  until  the  researches  of  Gaifky, 
in  1884.  The  methods  of  identification  employed  by  Gaffky  were 
found  insuflScient  to  separate  the  typhoid  bacillus  from  other  ba- 
cilli of  the  colon-typhoid  group.  The  absolute  identification  of  the 
bacillus  only  became  possible  with  the  increase  of  our  knowledge 
concerning  the  specific  immune  substances  developed  in  the  bodies  of 
immunized  animals.  Its  etiological  relationship  to  typhoid  fever 
has  been  particularly  diflicult  of  demonstration,  for,  although  patho- 
genic for  many  animals  when  subcutaneously  or  intravenously  inoc- 
ulated, it  has  been  impossible  to  produce  infection  in  the  natural 
way  or  produce  gross  lesions  corresponding  closely  to  those  occurring 
generally  in  man.  Nevertheless  the  specific  reactions  of  the  blood 
serum  of  typhoid  patients,  the  constant  presence  of  the  Bacillus  ty- 
phosus in  the  intestines  and  some  of  the  organs  of  the  typhoid 
cadavers,  the  very  frequent  isolation  of  this  bacillus  from  the  roseola, 
spleen,  blood,  and  excretions  of  the  sick  during  life,  the  absence  of 
the  bacilli  in  healthy  persons,  unless  they  have  at  some  time  been 
directly  exposed  to  or  are  convalescent  from  typhoid  infection,  all 
these  have  demonstrated  scientifically  that  this  ikcillus  is  the  chief 
etiological  factor  in  the  production  of  the  great  majority  of  cases 
designated  as  typhoid  fever. 

Morphology  and  Staimng.— Typhoid  bacilli  are  short,  rather 
plumb  rods  of  about  1ft  to  3/*  in  length  by  0.5/*  to  0.8/*  in  diameter, 
having  rounded  ends,  and  often  growing  into  long  threads.  They 
are  longer  and  somewhat  more  slender  in  form  than  most  of  the 
members  of  the  colon  group  of  bacilli  (Figs.  97a  and  976). 

The  typhoid  bacilli  stain  with  the  ordinary  aniline  colors,  but  a 
little  less  intensely  than  do  most  other  bacteria.  Like  the  bacilli  of 
the  colon  and  paratyphoid  groups,  they  are  decolorized  by  Gram's 
method.     Bi-polar  staining  is  sometimes  marked. 

Biology. — The  typhoid  bacillus  is  a  motile,  aerobic,  facultative 
anaerobic,  non-liquefying  bacillus.  It  develops  best  at  37*^  C. ; 
above  40°  and  below  30°  growth  is  retarded;  at  20°  it  is  still  mod- 
erate; below  10°  it  almost  ceases.  It  grows  slightly  more  abun- 
dantly in  the  presence  of  oxygen.     It  does  not  form  spores. 

Resistance. — ^When  a  number  of  typhoid  bacilli  are  dried  most  of 
them  die  within  a  few  hours  and  a  few  frequently  remain  alive  for 
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montiis,  but  sometimes  all  the  bacilli  die  very  quickly.  In  their 
resistance  to  heat  and  cold  they  behave  like  the  average  non-spore- 
bearing  bacilli.  With  rare  exceptions  they  are  killed  by  heating  to 
60°  C.  for  one  minute. 

Motility. — Typhoid  bacilli,  when  living  under  favorable  condi- 
tions, are  very  actively  motile,  the  smaller  ones  having  often  an  un- 
dulating motion,  while  the  larger  rods  move  about  rapidly.  In 
different  cultures,  however,  the  degree  of  motility  varies. 


Fig.  97a 


Pio.  97b 


Typhoid  bacilli  from  nutrient  agar. 
X  1100  diameters. 

Fig.  98 


Typhoid  bacilli  from  nutrient  gelatin. 
X  1100  diameters. 

Pig.  99 


4 
"1% 


Flagella,  heavily  stained,  attached  to 
bacilli.     (Van  Ermengen's  method.) 


Typhoid  bacillus  with  faintly  stained 
flagella.     (Loeffler's  method.) 


Flagella. — These  are  often  numerous  and  spring  from  the  sides  as 
well  as  the  ends  of  the  bacilli,  but  many  short  rods  have  but  a  single 
terminal  flagellum  (Figs.  98  and  99). 

Oultivation. — Its  growth  on  most  sugar-free  culture  media  is  quite 
similar  to  that  of  the  Bacillus  coli,  but  it  is  somewhat  slower  and 
not  quite  so  luxuriant 

Growth  on  Gelatin  Plates  (Fi^.  100). — The  colonies  growing  deep 
down  in  this  plate  medium  have  nothing  in  their  appearance  to  dis- 
tinguish them  from  submerged  colonies  of  the  colon  group;  they  ap- 
pear as  finely  granular  round  points  with  a  sharp  margin  and  a 
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yellowish-brown  color,  llie  superficial  colonies,  however,  particu- 
larly when  young,  are  often  quite  characteristic;  they  are  transpar- 
ent, bluish-white  in  color,  with  an  irregular  outline,  not  unlike  a 
grape-leaf  in  shape.  Slightly  magnified  they  appear  homogeneous 
in   structure^   but  marked  by  a 


Pio.  100 


A  superficial  colony  (1)  and  a  deep 
colony  (2)  of  typhoid  bacilli  In  gelatin. 
X  20  diameters. 


delicate  network  of  furrows. 
Surface  colonies  from  some  va- 
rieties of  colon  bacilli  give  a  simi- 
lar picture. 

In  stick  cultures  in  gelatin  the 
growth  is  mostly  on  the  surface, 
appearing  as  a  liiin,  scalloped  ex- 
tension, which  gradually  reaches 
out  to  the  sides  of  the  tube.  In 
the  track  of  the  needle  there  is 
but  a  limited  growth,  which  may 
be  granular  or  uniform  in  struc- 
ture, and  of  a  yellowish-brovm 
color.     There  is  no  liquefaction. 

Growth  in  Bouillon — This  me- 
dium is  uniformly  clouded  by 
the  typhoid  bacillus,  but  the 
clouding  is  not  so  intense  as  by 
the  colon  bacillus.  When  the 
bouillon  is  somewhat  alkaline  a 
delicate  pellicle  is  sometimes  formed  on  the  surface  after  eighteen  to 
twenty-four  hours'  growth. 

Growth  on  Agar. — The  streak  cultures  on  agar  are  not  distinctive ; 
a  transparent  filiform,  grayish  streak  is  formed. 

Growth  on  Potato. — The  growth  on  this  medium  was  formerly  of 
great  importance  in  identification,  but  now  other  media,  giving  more 
specific  characteristics,  have  been  discovered.  When  characteristic 
the  growth  is  almost  invisible,  but  luxuriant,  usually  covering  the 
surface  of  the  medium,  and  when  scraped  with  the  needle  offers  a 
certain  resistance.  In  some  cases,  however,  the  growth  is  restricted 
to  the  immediate  vicinity  of  the  point  of  inoculation.  Again,  the 
growth  may  be  quite  heavy  and  colored  yellowish-brown,  and  with 
a  greenish  halo,  when  it  is  very  similar  to  the  growth  of  the  colon 
bacillus.  These  differences  of  growth  on  potato  appear  to  be  chiefly 
due  to  variations  in  the  substance  of  the  potato,  especially  in  its  re- 
action. For  the  characteristic  growth  the  potato  should  be  slightly 
acid.  A  new  lot  of  potato  should  always  be  tested  with  a  typical 
typhoid  bacillus  as  a  control. 

Indol  Reaction. — It  does  not,  as  a  rule,  produce  indol  in  peptone- 
water  solution.  This  test  was  proposed  by  Kitasato  for  differenti- 
ating the  typhoid  bacillus  from  other  similar  bacilli,  such  as  those 
of  the  colon  group,  which  as  a  rule,  give  the  indol  reaction. 

The  typhoid  bacillus,  like  the  colon  bacillus,  produces  alkaline 
substances  from  peptone. 
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Neutral  Bed.  — In  stick  cultures  in  glucose  agar  the  typhoid  bacillus 
produces  no  change,  while  the  colon  bacillus  decolorizes  the  medium 
and  produces  gas. 

Effect  of  Inliibitiiig  Substances  in  Oolture  Fluids. — The  typhoid  bacil- 
lus is  inhibited  by  weaker  solutions  of  formaldehyde,  carbolic  acid, 
and  other  disinfectants,  than  is  the  colon  bacillus.  Most  typhoid-like 
bacilli  resemble  the  typhoid  bacillus  in  this  respect.  Some  sub- 
stances, such  as  malachite  green,  inhibit  the  colon  bacillus  more. 

Action  on  Different  Sugars. — The  determination  of  the  action  upon 
sugars  of  any  bacillus  belonging  to  the  lyphoid  or  colon  group  is  one 
of  the  most  important  of  all  the  cultural  differential  tests.  It  has 
been  considered  in  detail  in  connection  with  the  colon  group. 

While  the  typhoid  bacillus  does  not  produce  gas  from  glucose, 
galactose  and  levulose,  it  does  produce  acid  from  these  substances. 

Milk. — The  typhoid  bacillus  does  not  cause  coagulation  when  grown 
in  milk.  In  litmus  whey  the  neutral  violet  color  becomes  more  red 
during  the  first  forty-eight  hours ;  the  fluid,  however,  remains  clear. 

Production  of  Disease  in  Ammals. — ^It  is  impossible  experimen- 
tally to  produce  the  characteristic  lesions  usually  met  with  in  human 
typhoid  fever  in  animals.  Sickness  or  fatal  results  without  the  ap- 
pearance of  the  typical  pathological  changes  have  regularly  followed 
animal  inoculations,  but  in  most  cases  they  could  easily  be  traced 
to  the  toxffimia  produced  by  the  substances  in  the  bodies  of  the  bacilli 
injected.  Typhoid  bacilli,  freshly  obtained  from  typhoid  cases  and 
introduced  subcutaneously  in  animals,  rapidly  die.  In  the  peri- 
toneal cavity  they  may  increase,  causing  a  fatal  peritonitis  with 
toxic  poisoning.  By  accustoming  bacilli  to  the  animal  body  a  cer- 
tain degree  of  increased  virulence  for  the  animal  can  be  obtained, 
so  that  smaller  amounts  of  culture  may  prove  fatal.  Among  the 
most  successful  efforts  in  this  direction  are  the  experiments  of 
Cygnaeus  and  Seitz,  who,  by  the  inoculation  of  typhoid  bacilli  into 
dogs,  rabbits,  and  mice,  produced  in  the  small  intestines  conditions 
that  were  histologically  and  to  the  naked  eye  analogous  to  those  found 
in  the  human  subject.  Their  results,  however,  were  not  constant. 
Very  similar  results  followed  inoculation  of  virulent  strains  of 
colon  bacilli. 

Distribution  of  Bacilli  in  the  Human  Subject.  Toxic  Effects. — 
Typhoid  fever  belongs  to  that  class  of  infectious  diseases  in  which 
the  specific  bacilli  are  constantly  passing  into  the  blood.  They  thus 
pass  to  all  parts  of  the  body  and  become  localized  in  certain  tissues, 
such  as  the  bone  marrow,  lymphatic  tissues  and  spleen,  liver  and 
kidneys.  Wherever  found  in  the  tissues  the  typhoid  bacilli  are 
usually  observed  to  be  arranged  in  groups  or  foci ;  only  occasionally 
are  they  found  singly.  These  foci  are  formed,  during  life,  as  is 
proved  by  the  degenerative  changes  often  seen  about  them;  but  it 
is  possible  tliat  the  bacilli  may  also  multiply  somewhat  after  death. 

Important  Primary  Characteristic  Lesions  in  Man. — The  lesions  of  the 
intestines  which  are  most  pronounced  in  the  lower  part  of  the  ileum  consist 
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of  an  inflammatory  enlargement  of  the  solitary  and  agminated  lymph  nodules. 
Necrosis  with  ulceration  frequently  follows  the  hyperplasia  in  the  more  severe 
cases.  In  the  severest  cases  the  ulceration  and  sloughing  may  involve  the 
muscular  and  peritoneal  coats  and  perforation  may  occur.  Peritonitis  and 
death  usually  follow.    In  rare  cases  the  perforation  is  closed  by  adhesions. 

The  minute  changes  are  an  hyperplasia  of  normal  elements  of  the  lym- 
phatic tissue,  namely  the  lymph  celLs  and  the  endothelium  of  the  trabeculae  and 
sinuses.  In  severer  forms  necrotic  changes  are  apt  to  intervene.  These 
changes  are  attributed  to  the  toxic  substances  formed  by  the  typhoid  bacilli, 
but  may  be  directly  brought  about  by  the  occlusion  of  the  nutritive  blood 
vessels,  as  pointed  out  by  Mallory  (Jour.  Experimental  Medicine,  Vol.  iii., 
p.  611). 

The  mesenteric  lymph  nodes  undergo  changes  similar  to  those  in  the  ileum. 
The  spleen  is  enlarged  because  of  congestion  and  hyperplasia.  The  liver  and 
to  a  less  extent  the  kidney  are  apt  to  show  foci  of  cell  proliferation. 

In  typhoid  fever,  as  in  other  infectious  diseases,  toxic  poisoning  may  be 
manifested  by  disturbances  in  the  circulatory,  respiratory  and  heat  regulating 
mechanism  as  well  as  by  manifest  lesions.  In  a  few  cases  the  intestinal 
lesions  are  absent.  Some  of  the  inflammatory  complications  which  occur  in 
typhoid  fever  are  due  to  the  growth  of  the  bacillus  in  excessive  numbers  in 
unusual  places  in  the  body;  but  many  of  them  are  due  to  a  secondary  infec- 
tion with  other  bacteria,  especially  the  pyogenic  cocci  and  bacilli  of  the  colon 
group. 

XTnusual  Location  of  Typhoid  Lesions  Occurring  as  Complications 
of  Typhoid  Fever. — Cases  of  sacculated  and  general  peritonitis,  ab- 
scess of  the  liver  and  spleen,  subphrenic  abscess,  osteomyelitis,  peri- 
ostitis, and  inflammatory  processes  of  other  kinds  have  been  reported 
as  being  due  to  the  typhoid  bacillus.  In  certain  cases  of  tyjdioid 
pneumonia,  serous  pleurisy,  empyema,  and  inflammations  of  the 
brain  and  spinal  cord  or  their  membranes,  typhoid  bacilli  ex- 
clusively have  occurred.  The  inflammation  produced  may  or  may 
not  be  accompanied  by  the  formation  of  pus.  There  are  indeed  a 
number  of  cases  now  on  record  in  which  the  typhoid  bacillus  has 
played  the  part  of  pus  producer. 

Such  cases,  however,  are  of  comparatively  rare  occurrence,  be- 
cause only  exceptionally  do  the  bacilli  mass  together  in  such  num- 
bers as  to  become  pus  producers. 

The  Importance  of  Mixed  Infection. — ^Frequently  when  complica- 
tions occur  in  typhoid  fever  they  are  due  to  secondary  or  mixed  in- 
fection with  the  staphylococcus,  pneumococcus,  stteptococcus,  pyo- 
cyaneus,  and  colon  Imcillus.  Frequently  these  bacteria  are  found 
side  by  side  with  typhoid  bacilli ;  in  such  cases  it  is  difficult  to  say 
which  was  the  primary  and  which  was  the  secondary  infection. 

Elimination  of  Typhoid  Bacilli  from  Body. — jN'ot  infrequently 
typhoid  bacilli  are  found  in  the  secretions.  They  are  present  in  the 
urine  in  about  20  per  cent,  of  the  cases  in  the  third  and  fourth  weeks 
of  typhoid  fever.  Slight  pathological  lesions  in  the  kidneys  almost 
always  occur  in  typhoid  fever,  but  severe  lesions  also  sometimes  oc- 
cur.    In  some  cases  the  urine  is  crowded  with  typhoid  bacilli. 

In  cases  of  pneumonia  due  t^  the  typhoid  bacillus  it  is  abundantly 
present  in  the  sputa,  and  care  should  be  taken  to  disinfect  the  expec- 
toration of  typhoid  patients.     In  typhoid  fever  the  bacilli  are  al- 
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most  always  present  in  the  gall-bladder.  The  bacilli  are  usually 
eliminated  by  the  faeces,  being  derived  from  the  ulcerated  portions 
of  the  intestines ;  their  growth  within  the  intestinal  contents  is,  with 
few  exceptions,  not  extensive. 

Not  only  do  the  very  great  majority  of  cases  examined  bacterio- 
logically  and  pathologically,  but  the  epidemiological  history  of  the 
disease,  proves  that  the  chief  mode  of  invasion  of  tbe  typhoid  bacillus 
is  by  way  of  the  mouth  and  stomach.  The  infective  material  is  dis- 
charged principally  by  means  of  the  excretions  and  secretions  of  the 
sick — ^namely,  by  the  ffeces,  the  urine,  and  occasionally  by  the 
sputum. 

Occurrence  in  Healthy  Persons. — The  bacilli  usually  disappear 
from  the  body  in  the  fourth  or  fifth  week,  but  may  remain  for 
months  or  exceptionally  years  in  the  urine  and  throughout  life  in 
the  gall-bladder.  They  have  been  found  in  deep  abscesses  one  year 
after  recovery  from  typhoid  fever. 

Typhoid  Carriers. — Examinations  of  convalescent  typhoid  cases 
show  that  about  1  to  5  per  cent  continue  to  pass  typhoid  bacilli  for 
years,  perhaps  for  life.  Petruschky  in  1898  reported  that  typhoid 
bacilli  sometimes  remained  in  the  urine  of  typhoid  convalescents 
for  months.  Gushing  soon  after  observed  a  case  who  had  had  ty- 
phoid fever  five  years  before.  In  1902  Frosch,  and  a  little  later 
Conradi  and  Drigalski,  reported  persons  who  passed  typhoid-infected 
fseces  months  after  recovery  from  typhoid  fever.  Some  bacilli  carriers 
did  not  know  either  that  they  had  had  typhoid  fever  or  been  in  con- 
tact with  it,  and  others  knew  only  that  they  had  been  in  contact  with 
it  Lentz  in  1905  found  out  of  a  large  number  of  examinations  that 
about  4  per  cent  of  persons  convalescent  from  typhoid  fever  were 
typhoid  carriers.  In  our  laboratory  we  have  found  six  in  one  hun- 
dred and  forty  institution  convalescents.  The  focus  of  infection  is 
believed  to  be  in  either  the  gall  bladder,  chronic  ulcers  of  ihe  intes- 
tines, or  the  normal  intestinal  tract     The  majority  are  women. 

A  remarkable  case  has  been  under  our  care  for  the  past  twelve 
months.  Five  years  ago  a  visitor  of  the  family  in  which  the  woman 
was  cook  developed  typhoid  fever  some  ten  days  after  entering  the 
household.  The  cook  had  been  with  the  family  3  years  and  it  is 
difficult  to  judge  which  infected  the  other.  In  1901  the  cook  went 
to  another  family.     One  month  later  the  laundress  was  taken  ill. 

In  1902  the  cook  obtained  a  new  place.  Two  weeks  after  arri- 
val the  laundress  was  taken  ill  with  typhoid  fever;  Iq  a  week  a 
second  case  developed  and  soon  seven  members  of  the  household 
were  sick. 

In  1904  the  cook  went  to  Long  Island.  There  were  4  in  family, 
as  well  as  7  servants.  Arrived  June  1.  Within  3  weeks  after  ar- 
rival, 4  servants  were  attacked.     The  servants  lived  together. 

In  1906  the  cook  went  to  Oyster  Bay.  Between  August  27th  and 
September  3d,  6  out  of  11  in  home  were  attacked  with  typhoid.  At 
this  time  the  cook  was  first  suspected.     She  went  then  to  Tuxedo  and 
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remained  there  from  September  21st  to  October  27th.  On  October 
5th,  the  laundress  developed  typhoid  fever. 

In  1907  at  New  York,  two  months  after  the  cook's  arrival  two 
cases  developed,  one  of  which  proved  fatal.  Altogether  during  five 
years  this  cook  is  known  to  have  been  the  cause  of  26  cases  of 
typhoid  fever. 

The  cook  was  removed  to  the  hospital  March  19,  1907.  Cultures 
taken  every  few  days  showed  bacilli  off  and  on  for  fourteen  months. 
Sometimes  the  stools  contained  enormous  numbers  of  typhoid  ba- 
cilli and  again  for  days  none  would  be  found. 

Treatment  of  Typhoid  Carriers. — Medicinal  treatment  or  immuni- 
zation seems  so  far  to  have  yielded  no  results.  Thotropin  in  very 
large  amounts  is  reported  to  have  cured  one  case,  in  which  operation 
alone  had  failed. 

Duration  of  Life  Outside  of  the  Body. — ^It  is  of  importance  to 
know  for  what  length  of  time  the  typhoid  bacillus  is  capable  of  liv- 
ing outside  of  the  body ;  but,  unfortunately,  owing  to  the  great  diffi- 
culties in  proving  the  presence  of  this  organism  in  natural  condi- 
tions, our  knowledge  on  this  point  is  still  incomplete.  In  faeces  the 
length  of  life  of  the  typhoid  bacilli  is  very  variable,  depending  on 
the  composition  of  the  f ceces  and  of  the  varieties  of  bacteria  present ; 
sometimes  they  live  but  a  few  hours,  usually  a  day,  exceptionally 
for  very  long  periods.  Thus,  according  to  Levy  and  Kayser,  in 
winter  typhoid  bacilli  may  remain  alive  in  fseces  for  five  monflis. 
Foote  says  that  they  can  be  found  in  living  oysters  for  a  month  at  a 
time,  but  in  numerous  experiments  we  have  not  been  able  to  find 
them  after  five  days.  Their  life  in  privies  and  in  water,  however, 
is  usually  very  much  shorter.  As  a  rule,  they  can  be  detected  in 
river  water  no  longer  than  seven  days  after  introduction,  and  often 
not  after  forty-eight  hours.  The  less  the  general  contamination  of 
the  water,  the  longer  the  bacilli  are  apt  to  live.  The  life  of  the 
typhoid  bacillus  varies  according  to  the  abundance  and  varieties  of 
the  bacteria  associated  with  it,  and  according  to  the  presence  or  ab- 
sence of  such  injurious  influences  as  deleterious  chemicals,  high 
temperature,  ligh^  desiccation,  etc,  to  which  it  is  known  to  be  sensi- 
tive. Good  observers  claim  to  have  found  bacilli  very  similar  to 
typhoid  bacilli  in  the  soil  in  a  region  where  no  typhoid  fever  was 
Imown  to  exist  The  previously  mentioned  typhoid  carriers  could 
account  for  this. 

Commiimcability. — The  bacilli  may  reach  the  mouth  by  means  of 
infected  fingers  or  articles  of  various  kinds,  or  by  the  ingestion  of 
infected  food,  milk,  water,  etc.,  or  by  more  obscure  ways,  such  as  the 
eating  of  raw  oysters  and  clams  or  the  contamination  of  food  by 
flies  and  other  insects,  or  by  inhalation  through  the  mouth.  Of  the 
greatest  importance,  however,  is  the  production  of  infection  by  con- 
taminated drinking-water  or  milk.  In  a  very  large  number  of  cases 
indirect  proof  of  this  mode  of  infection  has  been  afforded  by  finding 
that  the  water  had  been  contaminated  with  urine  or  faeces  from  a 
20 
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case  of  typhoid.  In  a  few  instances  tie  proof  has  been  direct — 
namely,  by  finding  typhoid  bacilli  in  the  water.  Examples  of  in- 
fection from  water  and  milk  have  frequently  come  under  our  direct 
observation.  The  following  instances  may  be  cited:  A  large  force 
of  workmen  obtained  their  drinking-water  from  a  well  near  where 
they  were  working.  Typhoid  fever  broke  out  and  continued  to  spread 
until  the  well  was  filled  up.  Investigation  showed  that  some  of  the 
sick,  in  the  early  stages  of  their  disease,  repeatedly  infected  the  soil 
surrounding  the  well  with  their  urine  and  faeces.  Another  example 
occurred  in  which  typhoid  fever  broke  out  along  the  course  of  a 
creek  after  a  spring  freshet  It  was  found  that^  far  up  near  the 
source  of  the  creek,  typhoid  faeces  had  been  thrown  on  one  of  its 
banks  and  had  then  been  washed  into  the  stream. 

In  the  late  epidemic  at  Ithaca  some  1500  cases  developed  among 
those  usiner  the  infected  water  supply  of  the  town.  The  students 
and  towns-people  not  drinking  the  infected  supply  escaped.  The 
epidemic  at  Scranton,  Pa.,  during  the  winter  of  1907  was  most  in- 
teresting. A  little  over  1  per  cent  of  the  inhabitants  were  attacked. 
No  pollution  of  the  water  with  typhoid  infected  faeces  or  urine  could 
be  discovered,  although  typhoid  bacilli  were  isolated  from  the  water 
of  a  small  intercepting  reservoir  by  Dr.  Fox.  This  was  only  ac- 
complished by  using  large  quantities  of  water.  The  bacillus  iso- 
lated was  identical  by  all  known  tests  with  the  typhoid  cultures  from 
cases  of  typhoid  fever. 

An  instance  of  milk  infection  secondary  to  water  infection  was  in 
the  case  of  a  milk  dealer  whose  son  came  home  suffering  from  ty- 
phoid fever.  The  fapces  were  thrown  into  a  small  stream  which  ran 
into  a  pond  from  which  the  milk  cans  were  washed.  A  very  alarm- 
ing epidemic  of  typhoid  developed,  which  was  confined  to  the  houses 
and  asylums  supplied  with  this  milk.  During  the  Spanish-Ameri- 
can war  not  only  water  infection  but  food  infection  was  noticed,  as 
in  the  case  of  a  regiment  where  certain  companies  were  badly  in- 
fected, while  others  nearly  escaped.  Each  company  had  its  sepa- 
rate kitchen  and  food  supply,  and  much  of  the  infection  could  be 
traced  to  the  food,  the  contamination  coming  partly  through  the 
flies.     Several  epidemics  have  been  traced  to  oysters. 

Individual  Susceptibility. — In  this,  as  in  all  infectious  diseases, 
individual  susceptibility  plays  an  important  role  in  the  production 
of  infection.  Without  a  suitable  soil  upon  which  to  grow,  the  seed 
cannot  thrive.  There  must  in  many  be  some  disturbance  of  the  di- 
gestion, excesses  in  drinking,  etc.,  or  a  general  weakening  of  the 
power  of  resistance  of  the  individual,  caused  by  bad  food,  exposure 
to  heat,  over-exertion,  etc.,  as  occurs  with  soldiers  and  prisoners,  for 
example,  to  bring  about  the  conditions  suitable  for  the  production 
of  typhoid  fever. 

The  supposition  tliat  the  breathing  of  noxious  gases  predisposes  to 
the  disease,  though  possibly  true  to  a  certain  extent,  as  some  animal 
experiments  already  referred  to  would  seem  to  indicate,  has  not  yet 
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been  conclusively  proven;  nor  do  Pettenkofer's  investigations  into 
the  relation  of  the  frequency  of  typhoid  fever  to  the  ground-water 
level  satisfactorily  explain  the  occurrence  of  the  disease  in  most 
cases,  whether  sporadically  or  in  epidemics. 

Tnvmnnlzatioii. — After  recovery  from  typhoid  fever  a  considerable 
immunity  is  present  which  lasts  for  years.  This  is  not  absolute,  as 
about  2  per  cent  of  those  having  typhoid  fever  have  a  second  attack, 
which  is  usually  a  mild  one.  Specific  irrmmnization  against  experi- 
mental typhoid  infection  has  been  produced  in  animals  by  the  usual 
method  of  injecting  at  first  small  quantities  of  the  living  or  dead 
typhoid  bacilli  and  gradually  increasing  the  dose.  The  blood  serum 
of  animals  thus  immunized  has  been  found  to  possess  bactericidal 
and  feeble  antitoxic  properties  against  the  typhoid  bacillus.  These 
characteristics  have  also  been  observed  in  the  blood  serum  of  per- 
sons who  are  convalescent  from  typhoid  fever.  The  attempt  has 
been  made  to  employ  the  typhoid  serum  for  the  cure  of  typhoid  fever 
in  man,  but  although  a  number  of  individual  observers  have  reported 
good  results  with  one  or  another  of  the  sera  most  consider  that  little 
or  no  good  is  derived  from  serum. 

Vaccination  Against  Typhoid. — The  use  of  killed  typhoid  bacilli  as 
vaccines  has  been  advocated  by  Wright  and  tried  upon  some  8000 
persons  who  expected  to  be  subjected  to  danger  of  infection. 

About  2  mg.  of  an  agar  tube  culture  which  had  been  suspended  in 
bouillon  and  heated  was  used  at  first,  but  now  0.3  to  0.1  c.c.  of  a 
bouillon  culture  according  to  the  density  of  suspension  is  heated  to 
60°  C.  for  five  minutes.  For  a  day  or  two  the  injection  produces  a 
slight  fever  and  local  pain,  followed  in  a  few  days  by  the  develop- 
ment of  bactericidal  substances  in  the  blood,  apparently  sufficient  in 
amount  to  give  some  immunity  lasting  for  a  year  or  more.  A  second 
injection  adds  to  the  degree  of  inununiiy.  In  49,600  individuals 
under  observation  in  India  and  Africa,  8600  were  thus  treated. 
The  disease  appeared  in  them  to  the  extent  of  2.25  per  cent,  wilii  a 
case  mortality  of  12  per  cent.  In  the  41,000  uninoculated  there 
was  a  case  percentage  of  5.75  per  cent,  and  a  case  mortality  of  26 
per  cent  The  use  of  a  protective  serum,  or,  when  this  cannot  be  ob- 
tained, of  dead  cultures,  would,  therefore,  seem  to  be  advisable  where 
great  danger  of  typhoid  infection  exists. 

Diagnosis  by  Means  of  the  Widal  or  Serum  Reaction. — The  chief 
practical  application  of  our  knowledge  of  the  specific  substances  de- 
veloped in  the  blood  of  persons  sick  with  typhoid  fever  has  been  as 
an  aid  to  diagnosis. 

In  1894-95  Pfeiffer  showed  that  when  cultures  containing  dead 
or  living  cholera  spirilla  or  typhoid  bacilli  are  injected  subcutan- 
eously  into  animals  or  man,  specific  protective  substances  are  formed 
in  the  blood  of  the  individuals  thus  treated.  These  substances  con- 
fer a  more  or  less  complete  immunity  against  tlie  invasion  of  the  liv- 
ing germs  of  the  respective  diseases.  He  also  described  the  occur- 
rence of  a   peculiar  phenomenon  when  some  fresh   culture   of   the 
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typhoid  bacillus  on  agar  is  added  to  a  small  quantity  of  sertim  from 
an  animal  immunized  against  typhoid  bacilli  and  the  mixture  in- 
jected into  the  peritoneal  cavity  of  a  non-immunized  guinea-pig. 
After  this  procedure,  if  from  time  to  time  minute  drops  of  the  liquid 
be  withdrawn  in  a  capillary  tube  and  examined  microscopically, 
it  is  found  that  the  bacteria,  previously  motile  and  vigorous  and 
which  remain  so  in  control  animals  inoculated  without  the  specific 
serum,  rapidly  lose  their  motility  and  die.  They  are  first  im- 
mobilized, then  they  become  somewhat  swollen  and  agglomerated 
into  balls  or  clumps,  which  gradually  become  paler  and  paler,  until 
finally  they  are  dissolved  in  the  peritoneal  fluid.  This  process 
usually  takes  place  in  about  twenty  minutes,  provided  a  sufficient 
degree  of  immunity  be  present  in  the  animals  from  which  the  serum 
was  obtained.  The  animals  injected  with  the  mixture  of  the  serum 
of  immunized  animals  and  typhoid  cultures  remain  unaffected, 
while  control  animals  treated  with  a  fluid  containing  only  the  serum 
of  non-immunized  animals  mixed  with  typhoid  cultures  die.  Pfeiffer 
claimed  that  the  reaction  of  the  serum  thus  employed  is  so  distinctly 
specific  that  it  could  serve  for  the  differential  diagnosis  of  the 
cholera  vibrion  or  typhoid  bacillus  from  other  vibrions  or  allied 
bacilli,  such  as  Tinkler's  and  Prior's  or  those  of  the  colon  group. 

In  March,  1896,  Pfeiffer  and  KoUe  published  an  article  entitled 
"  The  Differential  Diagnosis  of  Typhoid  Fever  by  Means  of  the 
Serum  of  Animals  Immunized  against  Typhoid  Infection,"  in 
which  they  claimed  that  by  the  presence  or  absence  of  this  reaction 
in  the  serum  of  convalescents  from  suspected  tyjJioid  fever  the  na- 
ture of  the  disease  could  be  determined.  It  was  further  found,  if 
the  serum  of  an  animal  thoroughly  immunized  to  the  typhoid  ba- 
cillus was  diluted  with  40  parts  of  bouillon,  and  a  similar  dilution 
made  of  the  serum  of  non-immunized  animals,  and  both  solutions 
were  then  inoculated  with  a  culture  of  the  ^typhoid  bacillus  and 
placed  in  the  incubator  at  37°  C,  that  after  the  expiration  of  one 
hour  macroscopic  differences  in  the  culture  could  be  observed,  which 
increased  in  distinctness  for  four  hours  and  then  gradually  disap- 
peared. The  reaction  occurring  is  described  as  follows:  In  the 
tubes  in  which  the  typhoid  culture  is  mixed  with  typhoid  serum  the 
bacilli  are  agglomerated  in  fine,  whitish  flakes,  which  settle  to  the 
bottom  of  the  tube,  while  the  supernatant  fluid  is  clear  or  only 
slightly  cloudy.  On  the  other  hand,  the  tubes  containing  mixtures 
of  Ijouillon  with  cholera  or  coli  serum,  or  the  serum  of  non-immun- 
ized animals  inoculated  with  the  typhoid  bacilli,  become  and  remain 
uniformly  and  intensely  cloudy.  These  serum  mixtures,  examined 
microscopically  in  a  hanging  drop,  show  distinct  differences.  The 
typhoid  serum  mixture  inoculated  with  the  typhoid  bacilli  exhibits 
the  organisms  entirely  motionless,  lying  clumped  together  in  heaps; 
in  the  other  mixtures  the  bacilli  are  actively  motile. 

Similar  observations  were  made  independently  by  Gruber  and 
Durham,  who  maintained,  however,  that  the  reaction  described  by 
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Pfeiffer  was  by  no  means  specific,  and  that  when  the  reaction  is 
positive  the  diagnosis  still  remains  in  doubt,  for  the  reaction  is 
quaniitaiive  only,  and  not  qiuilitative.  They  concluded,  never- 
theless, that  these  investigations  would  render  valuable  assistance 
in  the  clinical  diagnosis  of  cholera  and  typhoid  fever. 

Oruber-Widal  Test. — The  first  application  of  the  use  of  serum, 
however,  for  the  early  diagnosis  of  typhoid  fever  on  a  more  exten- 
sive scale  was  made  by  Widal,  and  reported  with  great  fullness  and 
detail  in  a  communication  published  in  June,  1896.  Widal  con- 
firmed the  reaction  as  above  described,  proved  liiat  the  agglutinative 
reaction  usually  occurred  early,  elaborated  the  test,  and  proposed  a 
method  by  which  it  could  be  practically  applied  for  diagnostic  pur- 
poses. Since  then  the  serum  test  for  the  diagnosis  of  typhoid  fever 
has  come  into  general  use  in  bacteriological  laboratories  in  all  parts 
of  the  world,  and  though  the  extravagant  expectations  raised  at  the 
time  when  Widal  first  announced  his  method  of  applying  this  test 
have  not  been  entirely  fulfilled,  it  has,  nevertheless,  proved  to  be  of 
great  assistance  in  the  diagnosis  of  obscure  cases  of  tie  disease,  and 
is  now  one  of  the  recognized  tests  for  the  differentiation  of  the  ty- 
phoid bacillus. 

It  should  also  be  mentioned  that  to  Wyatt  Johnson,  of  Montreal, 
belongs  the  credit  of  having  brought  this  test  more  conspicuously 
before  the  public,  by  introducing  its  use  into  municipal  laboratories, 
suggesting  that  dried  blood  should  be  employed  in  place  of  blood 
serum  (Widal  having  previously  noticed  that  drying  did  not  de- 
stroy the  agglutinating  properties  of  typhoid  blood)  ;  and  that  in 
October,  1896,  the  serum  test  wa^  regularly  introduced  in  the  New 
York  Department  of  Health  Laboratory  for  the  routine  examina- 
tion of  the  blood  serum  of  suspected  cases  of  typhoid  fever.  Since 
theu  numerous  health  departments  have  followed  the  example  set 
by  those  of  Montreal  and  New  York. 

Use  of  Dried  Blood. — Directions  for  Preparing  Specimens  of  Blood. — 
The  skin  covering  the  tip  of  the  finger  or  the  ear  is  thoroughly 
cleansed,  and  is  then  pricked  with  a  needle  deeply  enough  to  cause 
several  drops  of  blood  to  exude.  Two  fair-sized  drops  are  then 
placed  on  a  glass  slide,  one  near  either  end,  and  allowed  to  dry. 
Glazed  paper  may  also  be  employed,  but  it  is  not  as  good,  for  the 
blood  soaks  more  or  less  into  it,  and  later,  when  it  is  dissolved,  some 
of  the  paper  fibre  is  apt  to  be  rubbed  off  with  it.  The  slide  is 
placed  in  a  box  for  protection. 

Preparation  of  Specimen  of  Bkod  for  Examination. — In  preparing  the 
specimens  for  examination  the  dried  blood,  if  accuracy  is  desired,  is 
first  weighed  and  then  brought  into  solution  by  adding  to  it  the 
quantity  of  normal  salt-solution  to  make  the  desired  dilution,  re- 
membering of  course  to  allow  for  the  loss  in  water  tlirough  drying; 
then  a  minute  drop  of  this  decidedly  reddish  mixture  is  placed  on 
a  cover-glass,  and  to  it  is  added  a  similar  drop  of  an  eighteen  to 
twenty-four-hour-old  bouillon  culture  of  the  typhoid  bacillus,  which. 
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if  it  has  a  slight  pellicle,  should  be  well  shaken.  The  drops,  after 
being  mixed,  have  in  a  1 :  10  dilution  a  distinct  reddish  color  and  in 
1 :  20  a  faint  pink  tinge.  The  cover-glass  with  the  mixture  on  the 
surface  is  inverted  over  a  hollow  slide  (the  edges  about  the  concavity 
having  been  carefully  smeared  with  vaselin,  so  as  to  make  a  closed 
chamber),  and  the  hanging  drop  then  examined  under  the  micro- 
scope by  either  daylight  or  artificial  light,  a  high-power  dry  lens 
being  used,  or,  somewhat  less  servioeably,  a  1/12  oil-immersion 
lens.  Ordinarily  the  dried  blood  is  not  weighed,  but  the  measure  of 
dilution  is  estimated  by  the  color  of  the  drop.  To  judge  this  the 
beginner  must  carefully  make  dilutions  of  fluid  blood  and  notice  the 
depth  of  color  in  1 :  10  and  1 :  20  dilutions.  Besides  the  faulty 
judgment  of  the  dilution  color  by  the  examiner,  the  variation  in 
depth  of  color  of  different  specimens  of  blood  makes  the  estimation 
of  dilutions  more  or  less  inaccurate,  but  fortunately  this  does  not 
greatly  interfere  with  the  value  of  the  test. 

The  Beaction. — If  the  reaction  takes  place  rapidly  the  first  glance 
through  the  microscope  reveals  the  reaction  almost  completed,  most 
of  the  bacilli  being  in  loose  clumps  and  nearly  or  altogether  motion- 
less (Fig.  101  and  Fig.  60). 
Between  the  clumps  are  clear 
spaces  containing  few  or  no  iso- 
lated bacilli.  If  the  reaction 
is  a  little  less  complete  a  few 
bacilli  may  be  found  moving 
slowly  between^  the  clumps  in 
an  aimless  way,  while  others 
attached  to  the  clumps  by  one 
end  are  apparently  trying  to 
pull  away,  much  as  a  fly 
caught  on  fly-paper  struggles 
for  freedom.  If  the  aggluti- 
nating substances  are  present, 
but  still  less  abundant,  the  re- 
action may  be  watched  through 
^    K    irr.^  1      \i         o«  nil   „„*v,«..^^    the  whole  course  of  its  develop- 

Gruber-Widal    reaction.      Bacilli    gathered  j.       i         j»  • 

Into  one  large  and  two  small  clumps,  the  ment.  Immediately  after  mix- 
few    Isolated    bacteria    being    motionless    or     .  ,,        ri      j  j    xi_  i^. 

aimost  so.  ing  the  blood  and  the  culture 

together  it  will  be  noticed  that 
the  bacilli  move  more  slowly  than  before  the  addition  of  serum. 
Some  of  these  soon  cease  all  progressive  movement,  and  it  will 
be  seen  that  they  are  gathering  together  in  small  groups  of  two  or 
more,  the  individual  bacilli  being  still  somewhat  separated  from 
each  other.  Gradually  they  close  up  the  spaces  between  them,  and 
clumps  are  formed.  According  to  the  completeness  of  the  reaction, 
either  all  of  the  bacilli  may  finally  become  clumped  and  immobilized 
or  only  a  small  portion  of  them,  the  rest  remaining  freely  motile,  and 
those    clumped    may  appear  to  be  struggling  for  freedom.     With 
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blood  containing  a  large  amount  of  agglutinating  substances  all  the 
gradations  in  the  intensity  of  the  reaction  may  be  observed,  from 
those  shown  in  a  marked  and  immediate  reaction  to  those  appearing 
in  a  late  and  indefinite  one,  by  simply  varying  the  proportion  of 
blood  added  to  the  culture  fluid. 

Pseudoreactions. — If  too  concentrated  a  solution  of  dried  blood  from 
a  healthy  person  is  employed  a  picture  is  often  obtained  which  may 
be  mistaken  for  a  reaction.  Dissolved  blood  always  shows  a  vary- 
ing amoimt  of  detritus,  partly  in  the  form  of  fibrinous  clumps ;  and 
prolonged  microscopical  examination  of  the  mixture  of  dissolved 
blood  with  a  culture  fluid  shows  that  the  bacilli,  inhibited  by  sub- 
stances in  the  blood,  often  become  more  or  less  entangled  in  these 
clumps,  and  in  the  course  of  one-half  to  one  hour  very  few  isolated 
motile  bacteria  are  seen.  The  fibrinous  clumps  alone,  especially  if 
examined  with  a  poor  light  by  a  beginner,  may  be  easily  mistaken 
for  clumps  of  bacilli.  Again,  the  bacilli  may  become  fixed  after 
remaining  for  one-half  to  two  hours,  by  slight  drying  of  the  drop 
or  the  effect  of  substances  on  the  cover-glass.  The  reaction  in  ty- 
phoid is  chiefly  due  to  specific  substances,  but  clumping  and  inhibi- 
tion of  movement  similar  in  character  may  be  caused  by  other  sub- 
stances such  as  exist  in  normal  horse  and  other  serums.  This  is 
a  very  important  fact  to  keep  in  mind.  (For  details  of  technique 
see  pages  72-4.) 

In  pseudoreactions  Wilson  has  noticed  that  many  free  bacilli  are 
apt  to  be  gathered  at  the  margin  of  the  hanging  drop. 

Mode  of  Obtaining  Serum  from  Blood  or  Blisters  for  Examination. — 
Fluid  blood  serum  can  easily  be  obtained  in  two  ways:  First,  the 
serum  may  be  obtained  directly  from  the  blood,  thus :  The  tip  of  the 
finger  or  ear  is  pricked  with  a  lancet-shaped  needle,  and  the  blood 
as  it  issues  is  allowed  to  fill  by  gravity  a  capillary  tube  having  a  cen- 
tral bulb.  The  ends  of  the  tube  are  then  sealed  by  heat  or  melted 
wax,  or  candle  grease,  and  as  the  blood  clots  a  few  drops  of  serum 
separate.  To  obtain  larger  amounts  of  serum  for  a  microscopic 
examination  the  blood  is  milked  out  from  the  puncture  into  a  small 
homoeopathic  vial  or  test-tube.  One  cubic  centimetre  of  blood  can 
easily  be  collected  in  this  way.  The  vial  is  then  corked  and  placed 
on  the  ice  to  allow  the  serum  to  separate.  As  a  rule  one  or  two 
drops  of  serum  are  obtainable  at  the  end  of  three  or  four  hours. 
Second,  the  serum  may  be  obtained  fro7n  blisters.  This  gives  more 
serum,  but  causes  more  or  less  delay.  The  method  is  as  follows: 
A  section  of  cantharides  plaster,  the  size  of  a  5-cent  piece,  is  applied 
to  the  skin  at  some  spot  on  the  chest  or  abdomen.  A  blister  forms 
in  from  six  to  eighteen  hours.  This  should  be  protected  from  injury 
by  a  vaccine  shield  or  bunion  plaster.  The  serum  from  the  blister 
is  collected  in  a  capillary  tube,  the  ends  of  which  are  then  sealed. 
Several  drops  of  the  serum  can  easily  be  obtained  from  a  blister  so 
small  that  it  is  practically  painless  and  harmless.  The  serum  ob- 
tained is  clear  and  admirably  suited  for  the  test     A  piece  of  blotting 
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paper  soaked  in  strong  ammonia  when  placed  on  the  skin  and  cov- 
ered by  a  watch  glass  or  strips  of  adhesive  plaster  will  quickly  raise 
a  blister.  A  little  vaseline  should  be  smeared  on  the  skin  surround- 
ing the  blotting  paper. 

Advantages  and  Disadvantages  of  Semm,  Dried  Blood  and  Fluid  Blood 
for  the  Semm  Test — The  dried  blood  is  easily  and  quickly  obtained, 
and  does  not  deteriorate  or  become  contaminated  by  bacterial  growth. 
It  is  readily  transported,  and  seems  to  be  of  nearly  equal  strength 
with  the  serum  in  its  agglutinating  properties.  It  must  in  use, 
however,  be  diluted  with  at  least  five  times  its  bulk  of  water,  other- 
wise it  is  too  viscid  to  be  properly  employed.  The  amount  of  dilu- 
tion can  only  be  determined  roughly  by  the  color  of  the  resulting 
mixture,  for  it  is  impossible  to  estimate  accurately  the  amount  of 
dried  blood  from  the  size  of  the  drop,  and  it  is  generally  considered 
too  much  trouble  to  weigh  it  accurately.  Serum,  on  the  other  hand* 
can  be  used  in  any  dilution  desired,  varying  from  a  mixture  which 
contains  equal  parts  of  serum  and  broth  culture  to  that  containing 
1  part  of  serum  to  100  parts  of  culture  or  more,  and  this  can  be 
exactly  measured  by  a  graduated  pipette,  or,  rou^ly,  by  a  measured 
platinum  loop.  The  disadvantages  in  the  use  of  serum  are  entirely 
due  to  the  slight  difficulty  in  collecting  and  transporting  it^  and  the 
delay  in  obtaining  it  when  a  blister  is  employed.  If  the  serum  is 
obtained  from  blood  after  clotting  has  occurred  a  greater  quantity  of 
blood  must  be  drawn  than  is  necessary  when  the  dried-blood  method  is 
used;  if  it  is  obtained  from  a  blister,  a  delay  of  one  to  eighteen 
hours  is  required.  The  transportation  of  the  serum  in  capillary  tubes 
presents  no  difficulties  if  tubes  of  sufficiently  thick  and  tou^  glass 
are  employed  and  placed  in  tiny  wooden  boxes.  For  scientific  in- 
vestigations and  for  accurate  results,  particularly  in  obscure  cases, 
the  use  of  fluid  serum  is  to  be  preferred  to  dried  blood.  Practically, 
however,  the  results  are  nearly  as  good  for  diagnostic  purposes  from 
the  dried  blood  as  from  the  serum. 

Fluid  Bipod. — When  properly  obtained  this  gives  good  results.  The 
Thoma-Zeiss  blood  pipette  is  very  useful.  Lance  finger-tip  or  ear 
and  draw  the  blood  into  the  pipette  to  the  mark  0.5.  Then  distilled 
water  is  sucked  up  in  sufficient  amount  to  make  the  desired  solution. 
One  loop  of  this  is  added  to  one  loop  of  bouillon  culture. 

The  Culture  to  be  Employed. — It  is  important  that  the  culture  em- 
ployed for  serum-tests  should  be  a  suitable  one,  for  although  all  cul- 
tures show  the  reaction,  yet  some  respond  much  better  and  in  higher 
dilutions  than  others.  Cultures  freshly  obtained  from  typhoid 
cases  are  not  as  sensitive  as  those  grown  for  some  time  on  nutrient 
media.  Those  kept  for  a  long  time  on  artificial  media  sometimes 
show  a  decided  tendency  to  spontaneous  agglutination.  Decrease  in 
virulence  is  apt  to  be  accompanied  by  increase  of  capacity  for  ag- 
glutination. For  the  past  seven  years  we  have  used  a  culture  ob- 
tained from  Pfeiffer.  A  broth  culture  of  the  typhoid  bacillus  de- 
veloped at  25°  to  35''  C,  not  over  twenty-four  hours  old,  in  v^idi 
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the  bacilli  are  isolated  and  actively  motile,  has  been  found  to  give 
us  the  most  satisfactory  results.  Cultures  grown  at  temperatures 
over  38°  C.  are  not  apt  to  agglutinate  so  well  as  those  grown  at  lower 
temperatures.  Stock  cultures  of  typhoid  bacilli  can  be  preserved 
on  nutrient  agar  in  sealed  tubes  and  kept  in  the  ice-box.  These  re- 
main alive  for  months  or  even  years.  From  time  to  time  one  of  these 
is  taken  out  and  used  to  start  a  fresh  series  of  bouillon  cultures. 

Dilution  of  the  Blood  Semm  to  be  Employed  and  Time  Required  for  the 
Development  of  Reaction. — The  serum  test,  as  has  been  pointed  out,  is 
quantitative  and  not  qualitative.  By  this  it  is  not  meant  to  assert 
that  all  the  agglutinating  substances  produced  in  the  blood  of  a  pa- 
tient suffering  from  typhoid  infection  are  the  same  as  those  present 
in  small  amount  in  normal  blood,  or  those  produced  in  the  blood  of 
persons  sick  from  other  infections.  It  is  true,  however,  that  the 
apparent  effect  upon  the  bacilli  of  specific  and  group  agglutinins  is 
identical,  the  difference  being  that  in  typhoid  fever,  as  a  rule,  the 
specific  substances  which  cause  this  reaction  are  usually  far  in  ex- 
cess of  the  amount  of  the  non-specific  which  ever  appears  in  non-ty- 
phoid blood,  so  that  the  reaction  occurs  after  the  addition  to  the 
culture  of  far  smaller  quantities  of  serum  than  in  otber  diseases,  or 
when  the  same  dilution  is  used  it  occurs  far  more  quickly  and  com- 
pletely with  the  typhoid  serum.  (See  chapter  on  Agglutinins.)  It 
is  most  important  to  remember  that  it  is  purely  a  matter  of  exper- 
ience to  determine  in  any  type  of  infection  what  agglutinating 
strength  of  a  serimi  is  of  diagnostic  value. 

The  results  obtained  in  the  Health  Department  Laboratories,  as 
well  as  elsewhere,  have  shown  that  in  a  certain  proportion  of  cases 
not  typhoid  fever  a  slow  reaction  occurs  in  a  1 :  10  dilution  of  serum 
or  blood ;  but  very  rarely  does  a  complete  reaction  occur  in  this  dilu- 
tion within  fifteen  minutes.  When  dried  blood  is  used  the  slight 
tendency  of  non-typhoid  blood  in  1 :  10  dilution  to  produce  agglutina- 
tion is  increased  by  the  presence  of  the  fibrinous  clumps,  and  per- 
haps by  other  substances  derived  from  the  disintegrated  blood  cells. 

From  many  cases  examined  it  has  been  found  that  in  dilutions  of 
1 :  20  a  quick  reaction  is  almost  never  produced  in  any  febrile  dis- 
ease other  than  due  to  typhoid  or  paratyphoid  bacillus  infection, 
while  in  typhoid  fever  such  a  distinct  reaction  often  occurs  with 
dilutions  of  1 :  100  or  more.  It  is  possible  that  some  cases  of  para- 
typhoid infection  give  a  prompt  reaction  in  1:20  dilutions,  but  if 
this  is  so,  it  is  not  a  serious  drawback.  The  very  rare  cases  of  per- 
sons who  though  never  having  had  typhoid  fever  yet  are  typhoid 
bacillus  carriers  usually  have  specific  agglutinins  in  their  blood. 

The  mode  of  procedure,  therefore,  as  now  employed  is  as  follows : 
The  test  is  first  made  with  the  typhoid  bacillus  in  a  5  per  cent,  solu- 
tion of  serum  or  blood.  In  the  case  of  serum,  one  part  of  a  1:10 
dilution  is  added  to  one  of  the  bouillon  culture.  With  dried  blood, 
a  solution  of  the  blood  is  first  made,  and  the  dilution  guessed  from 
the  color.     To  obtain  an  idea  of   the  dilution  by   the  color,  known 
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amounts  of  blood  are  dried  and  then  mixed  with  definite  amounts  of 
water;  the  colors  resulting  are  fixed  in  the  memory  as  guides  for 
future  tests.  If  there  is  no  reaction — ^that  is  to  say,  if  within  five 
minutes  no  marked  change  is  noted  in  the  motility  of  the  bacilli,  and 
no  clumping  occurs — ^nothing  more  is  needed ;  the  result  is  negative. 
If  marked  clumping  and  immobilization  of  the  bacilli  immediately 
begin  and  become  complete  within  five  minutes,  this  is  termed  a 
marked  immediate  typhoid  reaction,  and  no  further  test  is  consid- 
ered necessary,  though  it  is  always  advisable  to  confirm  the  reaction 
with  higher  dilutions  up  to  1 :  50  or  more,  so  as  to  measure  the  exact 
strength  of  the  reaction.  If  in  the  1 :  20  dilution  a  complete  reac- 
tion takes  place  within  thirty  minutes,  the  blood  is  considered  to 
have  come  from  a  case  of  typhoid  infection,  while  if  a  less  complete 
reaction  occurs  it  is  considered  that  only  a  probability  of  typhoid  in- 
fection has  been  established.  By  many  the  time  allowed  for  the 
development  of  the  reaction  with  the  high  dilutions  is  from  one  to 
two  hours,  but  to  us  twenty  minutes  with  the  comparatively  low 
dilution  of  1 :  20  seems  safer  and  more  convenient  Positive  re- 
sults obtained  in  this  way  may  be  considered  conclusive,  unless  there 
be  grounds  for  suspecting  that  the  reaction  may  be  due  to  a  previous 
fairly  recent  attack.  The  failure  of  the  reaction  in  one  examina- 
tion by  no  means  excludes  the  presence  of  typhoid  infection.  If  the 
case  clinically  remains  doubtful,  the  examination  should  be  repeated 
every  few  days. 

Use  of  Dead  Cultures. — Properly  killed  typhoid  bacilli  respond  well 
to  the  agglutination  test.  For  the  physician  at  his  ofiice  the  dead 
bacilli  offer  many  advantages.  The  reaction  is  slower  than  with 
the  living  cultures  and  is  observed  either  macroscopically  or  micro- 
scopically. A  number  of  firms  now  supply  outfits  for  the  serum 
test  These  outfits  consist  of  a  number  of  small  tubes  containing 
an  emulsion  of  dead  typhoid  bacilli.  Directions  accompany  the 
outfit. 

Proportion  of  Gases  of  Typhoid  Fever  in  which  a  Definite  Reaction 
Occurs,  and  fhe  Time  of  its  Appearance. — As  the  result  of  a  large  num- 
ber of  cases  examined  in  the  Health  Department  Laboratories,  it 
was  found  that  about  20  per  cent  give  positive  results  in  the  first 
week,  about  60  per  cent,  in  the  second  week,  about  80  per  cent  in  the 
third  week,  about  90  per  cent  in  the  fourth  week,  and  about  75  per 
cent,  in  the  second  month  of  the  disease.  In  88  per  cent  of  the 
cases  in  which  repeated  examinations  were  made  (hospital  cases) 
a  definite  typhoid  reaction  was  present  at  some  time  during  the 
illness. 

Persistence  of  the  Reaction. — In  persons  who  have  recovered  from 
typhoid  fever  this  peculiar  property  of  the  blood  serum  may  persist 
for  a  number  of  months.  Thus  a  definite  typhoid  reaction  has  been 
observed  from  three  months  to  a  year  after  convalescence,  and  a 
slight  reaction,  though  much  less  than  sufficient  to  establish  a  diag- 
nosis of  typhoid  infection,  from  one  to  fifteen  years  after  the  disease. 
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In  persons  in  whom  the  typhoid  bacilli  persist  the  serum  reaction 
may  last  as  long  as  the  bacilli  remain  in  the  body. 

Beaction  with  the  Blood  Serum  of  Healthy  Persons  and  of  Those  HI 
with  Diseases  other  than  Typhoid  Fever. — In  the  blood  serum  of  over 
one  hundred  healthy  persons  examined  in  the  Health  Department 
Laboratories  an  immediate  marked  reaction  has  not  been  observed  in 
a  1:10  dilution.  In  several  hundred  cases  of  diseases,  eventually 
not  believed  by  the  physicians  in  charge  to  be  typhoid  fever,  only 
very  rarely  did  the  serum  give  a  marked  immediate  reaction  in  a 
1 :  10  dilution.  In  the  light  of  past  experience,  I  believe  a  typhoid 
or  paratyphoid  infection,  though  not  a  typical  typhoid  fever,  to  have 
existed  in  these  cases.  These  results  have  been  confirmed  by  others, 
the  question  of  dilution  having  recently  been  made  the  subject  of 
elaborate  investigations,  with  the  view  of  determining,  if  possible,  at 
what  dilution  the  typhoid  serum  would  react  while  oSiers  would  not. 
Thus,  Schultz  reports  that  among  100  cases  of  non-typhoid  febrile 
diseases  apparently  positive  results  were  obtained  in  19  with  dilu- 
tions of  1:5,  in  11  of  these  with  1:10,  in  7  with  1:15,  in  3  with 
1 :20,  and  in  1  a  very  faint  reaction  with  1 :25 ;  whereas,  in  as  many 
cases  of  true  typhoid  he  never  failed  with  dilutions  of  1:50.  In 
these  experiments  it  must  be  noted,  however,  that  the  time  limit  was 
from  one  to  two  hours.  A  faint  reaction  with  a  1:25  dilution  with 
a  time  limit  of  two  hours  indicates  less  agglutinating  substance  than 
an  immediate  complete  reaction  with  a  1 :  10  dilution. 

From  an  experience  with  the  practical  application  of  the  serum 
test  for  the  diagnosis  of  typhoid  fever  extending  over  ten  years,  it 
may  be  said  that  this  method  of  diagnosis  is  simple  and  easy  of  per- 
formance in  the  laboratory  by  an  expert  bacteriologist,  but  it  is 
not  to  be  recommended  for  routine  employment  by  practising  phy- 
sicians as  a  clinical  test  unless  they  have  had  experience;  that  with 
the  modifications  as  now  employed,  and  due  regard  to  the  avoidance 
of  all  possible  sources  of  error,  it  is  as  reliable  a  method  as  any  other 
bacteriological  test  at  present  in  use;  and  that  as  such  the  Gruber- 
Widal  test  is  an  indispensable,  though  not  absolutely  infallible,  aid 
to  the  clinical  diagnosis  of  irregular  or  slightly  marked  typhoid 
fever. 

Isolation  of  Typhoid  Bacilli  from  Suspected  Faeces,  Urine,  Blood» 
Water,  Etc. — In  the  bacteriological  study  of  typhoid  infection  for 
diagnostic  and  other  purposes,  attempts  have  been  made  to  isolate  the 
specific  bacilli  from  ^e  blood,  rose  spots,  sweat,  urine,  faices,  and  by 
spleen  puncture.  Although  the  results  obtained  by  puncture  of  the 
spleen  have  been  encouraging  and  have  thrown  light  ujyon  the  dis- 
tribution of  the  organism  in  the  body  during  life,  yet  as  a  regular 
means  of  diagnosis  it  is  to  be  discouraged,  on  account  of  the  possible 
danger  to  the  patient  The  results  of  the  examination  of  the  blood 
and  rose  spots  of  typhoid  patients  have  until  recently  proved  un- 
satisfactory, investigations  of  some  of  the  later  observers  have  given 
a  large  percentage  of  positive  results  from  the  blood.     The  examina- 
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nation  of  the  urine  and  fseces  of  typhoid  patients  has  often  given 
positive  results,  and  these  positive  results  have  become  more  frequent 
and  satisfactory  as  the  methods  for  differentiating  the  BacUltis  ty- 
phosus have  grown  more  exact  and  refined. 

Several  media  recently  devised  for  the  isolation  and  identification 
of  the  typhoid  bacillus  are  much  better  than  any  of  those  formerly 
used.  These  are  the  Hiss,  Capaldi,  and  the  Drigalski-Conradi 
media.  In  the  hands  of  trained  bacteriologists  they  give  satisfac- 
tory results.     The  first  three  suffice  for  all  ordinary  purposes. 

The  Hiss  Media:  Their  Composition  and  Preparation.^— Two  media  are 
used:  one  for  the  isolation  of  the  typhoid  bacillus  by  plate  culture,  and  one 
for  the  differentiation  of  the  typhoid  bacillus  from  all  other  forms  in  pure 
culture  in  tubes. 

The  plating  medium  is  composed  of  10  grams  of  agar,  25  grams  of  gelatin, 
5  grams  of  sodium  chloride,  5  grams  of  Liebig's  beef  extract,  10  grams  of 
glucose,  and  1000  c.c.  of  water.     When  the  agar  is  thoroughly  melted  the 

gelatin  is  added  and  completely  dissolved 
by  a  few  minutes'  boiling.  The  medium 
is  then  titrated,  to  determine  its  reac- 
tion, phenolphthalein  being  used  as  the 
indicator.  The  requisite  amount  of  nor- 
mal hydrochloric  acid  or  sodium  hydrate 
solution  is  added  to  bring  it  to  the  de- 
sired reaction — *.  e,,  a  reaction  indicating 
2  per  cent,  of  normal  acid.  To  clear  the 
medium  add  one  or  two  eggs,  well  beaten 
in  25  c.c.  of  water,  boil  for  forty-five 
minutes,  and  filter  through  a  thin  filter  of 
absorbent  cotton.  Add  the  glucose,  after 
clearing.  The  reaction  of  the  medium  is 
most  important;  it  should  never  contain 
less  than  2  per  cent,  of  normal  acid. 

The  tube  medium  contains  agar,  5 
grams;  gelatin,  SO  grams;  sodium  chlo- 
ride, 5  grams;  meat  extract,  5  grams, 
and  glucose,  10  grams  to  the  litre  of 
water,  and  reacts  1.5  per  cent,  aeid  by 
the  indicator.  The  mode  of  prepara- 
tion is  the  same  as  for  the  plate  medium,  care  being  taken  always  to  add  the 
gelatin  after  the  agar  is  thoroughly  melted,  so  as  not  to  alter  this  in^^ient 
by  prolonged  exposure  to  high  temperature.  The  glucose  is  added  after  clear- 
ing.    The  medium  must  contain  1.5  per  cent,  of  normal  acid. 

Growth  of  the  Colonies. — The  growth  of  the  typhoid  bacilli  in  plates 
made  from  the  medium  as  above  described  gives  rise  to  small  colonies  with 
irregidar  outgrowth  and  fringing  threads  (Fig.  102).  The  colon  colonies, 
on  the  other  hand,  are  much  larger,  and,  as  a  rule,  are  darker  in  color  and  do 
not  form  threads.  The  growth  of  the  typhoid  bacilli  in  tubes  produces  uni- 
form clouding  at  37°  C.  within  eighteen  hours.  The  colon  cultures  do  not 
give  the  uniform  clouding,  and  present  several  appearances,  probably  depend- 
ent upon  differences  in  the  degree  of  their  motility  and  gas-producing  proper- 
ties in  media.  Some  of  the  varieties  of  the  colon  bacillus  grow  only  locally 
where  they  were  inoculated  by  the  platinum  needle.  Others  grow  diffusely 
*  This  description  is  taken  from  an  article  by  Dr.  Philip  Hanson  Hiss,  Jr.,  ' '  On 
a  Method  of  Isolating  and  Identifying  Bacillus  Typhosus  and  Members  of  the 
Colon  Group  in  Semisolid  Culture  Media,"  published  in  the  Journal  of  Experi- 
mental Medicine,  1897,  vol.  ii.,  No.  6. 


Hiss'  plate  media :  Small  light  col- 
onv  (t)  Is  composed  of  typhoid  ba- 
cilli :  large  colony  (c)  of  colon  bacilli. 
(From  Hiss.) 


THE    TYPHOID   BACILLUS.  301 

• 

through  the  medium,  but  owing  to  the  production  of  gas  and  the  passage  of 
gas-bubbles  through  the  medium,  clear  streaks  ramify  through  the  otherwise 
diffusely  cloudy  tube  contents.  This  characteristic  appearance  is  not  pro- 
duced when  the  medium  is  incorrect  in  reaction  or  in  consistency.  With  un- 
tried media  it  is  always  well  to  insert  a  platinum  wire  into  the  tube  contents 
and  stir  them  about;  if  any  gas  is  liberated  the  culture  is  not  one  of  the 
typhoid  bacillus  and  the  medium  is  not  correct. 

Method  of  Making  the  Test. — The  usual  method  of  making  the  test  is 
to  take  enough  of  the  specimen  of  faces  or  urine — i.  e,,  from  one  to  several 
loops — and  transfer  it  to  a  tube  containing  broth.  From  this  emulsion  in 
broth  five  or  six  plates  are  generally  made  by  transferring  one  to  five  loops 
of  the  emulsion  to  tubes  containing  the  melted  plate  medium,  and  then  pour- 
ing the  contents  of  these  tubes  into  Petri  dishes.  These  dishes  are  placed 
in  the  incubator  at  37**  C.  and  allowed  to  remain  for  eighteen  to  twenty-four 
hours,  when  they  may  be  examined.  If  typical  thread-forming  colonies  are 
found  the  tube  medium  is  inoculated  from  them,  and  the  growth  in  the  tubes 
allowed  to  develop  for  about  eighteen  hours  at  37°  C.  If  these  tubes  then 
present  the  characteristic  clouding,  experience  indicates  that  the  diagnosis  of 
typhoid  may  be  safely  made,  for  the  typhoid  bacillus  alone,  of  all  the  organ- 
isms investigated,  has  displayed  the  power  of  giving  rise  both  to  the  thread- 
forming  colonies  in  the  plating  medium  and  the  uniform  clouding  in  the  tube 
medium  when  exposed  to  a  temperature  of  37°  C.  The  organisms  isolated 
in  this  manner  have  been  subjected  to  the  usual  tests  for  the  recognition  of 
the  bacillus  typhosus,  and  have  always  corresponded  in  all  their  reactions  to 
those  given  by  the  tjrpical  typhoid  bacillus. 

The  Oapaidi  Plate  Medium. — In  his  original  paper,  Capaldi  gives  the 
following  recipe : 

Acjua  dest 1000 

Witte  's  peptone  20 

Gelatin   10 

Mannite  or  grape-sugar 10 

Sodium  chloride  and  potassium  chloride  each 5 

Boil,  filter,  add  2  per  cent,  agar  and  10  c.c.  of  normal  sodic  hydrate  solution; 
boil,  ^ter,  and  sterilize. 

In  making  up  the  medium  for  work  the  only  variation  was  that  in  the 
original  recipe  the  agar  was  added  when  the  gelatin  was  put  in,  now  the  gela- 
tin is  added  after  the  first  filtration. 

The  Capaldi  medium  is  usually  employed  for  surface  cultures,  but  can  be 
inoculated  while  melted  in  the  tubes.  Plates  may  be  made  beforehand,  so 
that  they  are  ready  for  use  when  the  specimen  comes  in.  Afe  these  plates  are 
to  be  kept  at  37°  C,  the  difficulties  in  regard  to  temperature  are  avoided; 
but,  unlike  the  Eisner  plates,  other  organisms  besides  the  colon  and  typhoid 
develop  and  may  cause  some  confusion.  In  making  the  plates  one  or  two 
are  inoculated  by  gently  canying  across  their  surface  a  platinum  loop  of 
faeces  or  urine.  Others  are  then  inoculated  with  a  loop  of  urine  or  much 
diluted  fsBces.  In  this  way  we  are  apt  to  have  some  plates  with  just  the  right 
amount  of  colonies. 

Appearance  op  the  Colonies. — Capaldi  thus  describes  the  differentiation : 
Typhoid — Small,  glistening,  transparent,  almost  colorless  colonies  (by  re- 
flected light,  blue).     Colon — ^Tjarge,  milky  colonies  (reflected  light,  brown). 

In  using  the  medium  it  was  found  that  even  in  a  pure  plate  of  typhoid 
the  colonies  vary  much  in  size  and  appearance,  while  different  typhoids  show 
individual  differences  in  growth.  In  general,  a  medium-sized,  gray-white 
colony,  with  a  few  refractive  granules,  is  the  typhoid.  However,  it  is  often 
transparent,  without  the  refractive  granules;  sometimes  with  a  nuclear  cen- 
tre, and  sometimes  of  equal  consistency  throughout.  Streptococci  simulate 
typbpi^  but  a  high-power  lens  will  show  the  coccus. 
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Colon  colonies  are  usually  much  larger  than  the  typhoid — a  decided  brown 
color,  very  large,  refractive  granules,  and  in  general  quite  different  in  ap- 
pearance (Fig.  103). 

The  best  way  to  work  with  the  Capaldi  medium  is  to  make  several  plates 
with  different  typhoid  cultures,  observe  carefully  all  the  variations  in  the 
colonies,  and  bear  these  in  mind  when  working  with  the  mixed  plates.    After 

these  precautions  have  been  taken 
Fig.  103  the   medium   will  be  found   very 

satisfactory.  The  colonies,  as  a 
rule,  appear  characteristically  in 
twelve  to  eighteen  hours,  and 
thus  give  a  quick  method  of  di- 
agnosis. 

We  found  that  the  two  media 
(Capaldi  and  Hiss)  work  excel- 
lently together,  as  one  is  an  aid 
to  the  other.  When  many  col- 
onies of  the  typhoid  bacilli  were 
present  the  points  of  differen- 
tiation were  usually  easily  seen 
upon  both  media,  and  the  two  to- 
gether made  diagnosis  almost  cer- 
tain. The  bacilli  from  the  sus- 
pected typhoid  colonies  can  be 
quickly  tested,  sufficiently  for 
practical  purposes,  on  the  Hiss 
tube  medium,  and  by  the  reac- 
tion between  the  bacilli  and 
the  serum  from  an  immunized 
horse. 

Typhoid  Medium  of  von  Drigalski  and  Oonradi. — These  authors  modi- 
fied lactose  litmus  agar  by  adding  to  it  nutrose  and  crystal  violet  and 
by  using  3  \yeT  cent  of  agar  instead  of  2  per  cent  The  crystal 
violet  strongly  inhibits  the  growth  of  many  otiier  bacteria,  especially 
cocci,  which  would  also  color  the  medium  red ;  the  3  per  cent  agar 
makes  the  diffusion  of  the  acid  which  is  formed  more  difficult 

Three  pounds  of  chopped  beef  are  allowed  to  stand  twenty-four 
hours  with  2  litres  of  water.  The  meat  infusion  is  boiled  one  hour 
and  filtered.  20  grams  Witte's  peptone,  20  grams  nutrose,  and  10 
grams  of  salt  are  then  added,  and  the  mixture  boiled  another  hour. 
After  filtration  and  the  addition  of  60  grams  agar  the  mixture  is 
boiled  for  three  hours,  alkalized  and  filtered.  In  the  meantime  300 
c.c.  litmus  solution  (Kahlbaum)  are  boiled  for  fifteen  minutes  with 
30  grams  lactose.  Both  solutions  are  then  mixed  and  the  mixture, 
which  is  now  red,  faintly  alkalized  with  10  per  cent  soda  solution. 
To  this  feebly  alkaline  mixture  4  cc.  hot  sterile  10  per  cent  soda 
solution  are  added  and  20  c.c.  of  a  sterile  solution  (0.1:100)  of 
crystal  violet  Hochst  B.  A  substitute  for  Kahlbaum's  litmus  solu- 
tion can  be  made  as  follows : 

One  pound  of  litmus  cubes  are  ground  in  mortar  to  a  fine  powder  and 
extracted  three  times  with  boiling  alcohol — 500  c.c.  each  time.  This  is  twic« 
extracted  with  boiling  water — 1000  c.c.  each  time. 

The  extract  is  evaporated  down  to  a  saturated  solution  and  made  acid  with 
hydrochloric  acid.    It  is  then  placed  in  a  dialyzing  bag  and  dialyzed  for  six 


Colonies  of  colon  bacilli  on  Capaldi  medium 
slightly  magnified.  Typhoid  colonies  of  same 
size  usually  have  no  dark  granules. 
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days  in  running  water.    It  is  again  evaporated  down  to  a  saturated  solution 
and  10  per  cent,  absolute  alcohol  added  when  it  is  cool. 

Enough  one  one-hundredth  normal  HCl  is  added  so  that  one  drop  more 
brings  about  a  distinct  red  color. 

Plates  are  inoculated  on  the  surface  only.  The  material  to  be 
examined  (stools  first  diluted  with  ten  volimties  of  0.8  per  cent,  salt 
solution)  is  spread  directly  on  the  surface  of  the  plates,  and  these  in- 
verted are  allowed  to  stand  slightly  open  for  about  half  an  hour  in 
order  that  they  may  dry  somewhat.  They  are  then  placed  inverted 
into  the  incubator  for  from  sixteen  to  twenty-four  hours.  Typhoid 
colonies  are  small  (1  to  3  mm.),  transparent,  and  blue;  colon  colon- 
ies are  red,  coarser,  less  transparent,  and  larger.  The  colonies  of 
fresh  alkaligenes  are  blue  and  usually  larger.  The  suspected  colonies 
can  at  once  be  tested  for  agglutination  with  a  high  grade  typhoid 
senim. 

In  general  this  method  has  withstood  critical  tests  and  it  is  nowa- 
days regarded  as  perhaps  the  very  best 

As  to  the  comparative  merits  of  the  three  media,  it  is  probably  safe 
to  say  that  any  one  of  them  will,  in  the  hands  of  one  accustomed  to 
them,  reveal  the  typhoid  bacilli,  except  perhaps  when  they  exist  in 
only  the  most  minute  numbers.  The  Hiss  plate  medium  has  the  ob- 
jection that  it  is  a  difficult  medium  to  prepare.  If  the  acidity  is  not 
just  right  the  thread  outgrowths  do  not  appear.  Indeed,  the  only 
sure  way  is  to  test  a  new  batch  of  medium  with  a  pure  culture  and 
alter  the  reaction  until  the  culture  grows  correctly.  A  very  few 
strains  of  the  typhoid  bacillus  do  not  produce  typical  thread  out- 
growths from  the  colonies.  In  the  Drigalski  medium  the  typhoid 
colonies  are  easily  separated  from  those  of  the  colon  bacilli,  but  there 
are  other  intestinal  bacteria  which  grow  fairly  like  them. 

The  Capaldi  medium  has  the  objection  that  some  of  the  typhoid 
and  some  of  the  colon  colonies  frequently  look  much  alike.  If  one, 
however,  will  always  pick  out  the  colonies  which  look  most  like  the 
typhoid,  it  will  usually  turn  out  that  typhoid  bacilli  have  been  ob- 
tained if  any  were  present.  Personally,  for  general  use,  I  prefer 
the  Drigalski  medium  for  the  plate  cultures  and  the  Hiss  tube  me- 
dium for  the  first  step  in  identifying  the  bacilli  obtained.  Through 
these  media  and  specific  agglutinating  serum  we  are  now  in  a  posi- 
tion to  obtain  and  make  a  fairly  accurate  identification  of  typhoid 
bacilli  from  faeces,  urine,  etc.,  within  forty-eight  hours. 

Tjrphoid  Bacilli  in  Faeces. — Kecently  numerous  investigations  have 
been  carried  out  to  discover  how  frequently  and  at  what  period  in 
typhoid  fever  bacilli  are  present  in  the  fa?ces  and  urine.  Hiss  some 
time  ago  examined  the  fseces  of  43  consecutive  cases,  37  of  which  were 
in  the  febrile  stage  and  6  convalescent  In  a  number  of  instances 
only  one  stool  was  examined,  but  even  under  these  adverse  conditions 
the  average  of  positive  results  in  the  febrile  stage  was  66.6  jyer  cent. 
Out  of  26  cases  of  typhoid  fever  examined  in  hospitals,  21  were  in 
the  febrile  stage  and  5  convalescent.      In  the  febrile  cases  in  17  the 
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presence  of  typhoid  bacilli,  often  in  great  numbers,  was  demonstrated. 
Thus  in  these  carefully  followed  cases  the  statistics  show  over  80  per 
cent,  of  the  febrile  cases  positive.  The  bacilli  were  isolated  from 
these  cases  as  early  as  the  sixth  day,  and  as  late  as  the  thirtieth  day, 
and  in  a  case  of  relapse  on  the  forty-seventh  day  of  the  disease.  The 
convalescent  cases  examined  gave  uniformly  negative  results,  the 
earliest  examination  having  been  made  on  the  third  day  after  the 
disappearance  of  the  fever.  The  bacilli  seemed  to  be  more  numer- 
ous in  the  stools  from  about  the  tenth  or  twelfth  day  on.  These  ob- 
servations, with  regard  to  the  appearance  of  the  bacilli  in  the  stools 
during  the  febrile  stage  and  their  usually  quick  disappearance,  ex- 
cept in  the  permanent  typhoid  carriers,  after  the  defervescence,  have 
been  confirmed  by  others.  The  bacilli  were  isolated  in  several  cases 
in  which  no  Widal  reaction  was  demonstrated.  Between  the  seventh 
and  twenty-first  days  of  the  disease,  experience  seems  to  indicate 
that  the  bacilli  may  be  obtained  from  about  25  per  cent,  of  all  cases 
on  the  first  examination  and  from  about  75  per  cent,  after  repeated 
examinations.  In  some  samples  of  faeces  typhoid  bacilli  die  out 
within  twenty-four  hours;  in  others  they  remain  alive  for  days  or 
even  weeks.  This  seems  to  depend  on  the  bacteria  present  in  the 
fspces  and  upon  its  chemical  character.  Probably  the  presence  of 
typhoid  bacilli  in  some  stools  and  their  absence  in  others  must  be  ex- 
plained largely  by  the  characteristics  of  the  intestinal  contents.  The 
short  life  of  the  typhoid  bacillus  in  many  specimens  of  faeces  sug- 
gests that  stools  be  examined  as  quickly  as  possible.  In  fact,  unless 
the  physician  wishes  to  take  the  trouble  to  have  the  sample  of  faeces 
sent  immediately  to  the  laboratory,  it  is  hardly  worth  while  for  the 
bacteriologist  to  take  the  trouble  to  make  the  test. 

Typhoid  BSrCilli  in  the  Urine. — Of  great  interest  is  the  frequent 
occurrence  of  typhoid  bacilli  in  large  numbers  in  the  urine.  The 
results  of  the  examinations  of  others  ps  well  as  our  own  indicate  that 
the  typhoid  bacilli  are  not  apt  to  be  found  in  the  urine  until  the  be- 
ginning of  the  third  week  of  the  fever,  and  may  not  appear  until 
much  later.  From  this  on  to  convalescence  they  appear  in  about 
25  per  cent  of  the  cases,  usually  in  pure  culture  and  in  enormous 
numbers.  Of  9  positive  cases  examined  by  Richardson*  2  died  and 
7  were  discharged.  At  the  time  of  their  discharge  their  urine  was 
loaded  with  typhoid  bacilli.  We  have  observed  similar  cases.  In 
one  the  bacilli  persisted  for  five  weeks.  Undoubtedly  in  exceptional 
cases  they  persist  for  years.  When  we  think  of  the  chances  sudi 
cases  have  to  spread  infection  as  they  pass  from  place  to  place,  we 
begin  to  realize  how  epidemics  can  start  without  apparent  cause. 
The  more  we  investigate  the  persistence  of  bacteria  in  convalescent 
cases  of  disease,  the  more  difficult  the  prevention  of  their  dissemina- 
tion is  seen  to  be.  The  disinfection  of  the  urine  should  always  be 
looked  after  in  typhoid  fever,  and  convalescents  should  not  be  allowed 
to  go  to  places  where  contamination  of  the  water  supply  is  possible, 
^Journal  of  Experimental  Medicine,  May,  1898. 
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without  at  least  warning  them  of  the  necessity  of  great  care  in  disin- 
fecting their  urine  and  faeces  for  some  weeks.  Richardson  made  the 
interesting  discovery  that  after  washing  out  the  bladder  with  a  very 
weak  solution  of  bichloride  of  mercury  the  typhoid  bacilli  no  longer 
appeared  in  the  urine. 

Paratyphoid. — ^A  few  of  the  cases  of  "  typhoid  '*  heretofore  de- 
scribed as  giving  no  Gruber-Widal  reaction  were  undoubtedly  due  to 
the  paratyphoid  bacilli  and  to  a  less  extent  to  the  colon  bacilli.  As  has 
been  already  stated,  the  former  is  the  name  by  which  we  now,  in  con- 
formity with  Schottmiiller,  designate  a  bacillus  which  stands  about 
midway  between  B.  typhosus  and  B.  coli.  It  has  been  found  neces- 
sary to  distinguish  two  varieties,  type  A  and  type  B,  which  differ  also 
in  their  agglutinating  property.  It  remains  to  be  seen  whether  we 
shall  have  to  differentiate  any  additional  types.  There  are  no  cer- 
tain distinguishing  features  to  separate  the  clinical  pictures  of  ab- 
dominal typhoid  and  paratyphoid.  Many  cases  of  paratyphoid  pre- 
sent all  the  classical  symptoms  of  typhoid.  According  to  Conradi, 
von  Drigalski,  and  Jiii^ns  the  fever  curve  of  paratyphoid  is  char- 
acterized by  a  fairly  sudden  rise,  an  irregular  course  of  the  tempera- 
ture with  almost  always  an  absence  of  the  continua.  Besides  this, 
the  disease  has  a  better  prc^osis  and  a  slow  convalescence.  Accord- 
ing to  other  authors,  enlargement  of  the  spleen  is  quite  often  absent 
(de  Feyfer  and  Kayser  missed  it  in  42  per  cent  of  the  cases),  whereas 
an  involvement  of  the  upper  portions  of  the  intestinal  tract  (gastric 
fever!)  is  more  common.  Further  than  this,  it  is  unwise  to  lay 
much  stress  on  peculiarities  in  the  course  of  the  disease,  for  we  know 
that  true  typhoid  runs  a  variable  course.  We  have  only  to  think  of 
the  vast  difference  between  a  mild  or  abortive  typhoid  and  a  fully 
developed  or,  better  still,  a  complicated  case.  It  will  almost  always 
be  impossible  to  separate  a  case  of  true  typhoid  from  a  paratyphoid 
by  the  symptoms  alone.  At  the  most,  during  an  epidemic  the  gencfral 
course  of  the  disease,  when  it  agrees  with  the  above  points,  may  cause 
one  to  suspect  paratyphoid.  Schottmiiller  and  Kurth,  from  a  total 
of  180  cases  which  had  been  looked  upon  as  typhoid,  were  able  in 
12  cases  to  isolate  a  paratyphoid  bacillus. 

Hiinermann  observed  a  whole  epidemic  in  which  typhoid-like  bac- 
teria, which  he  regarded  as  the  cause  of  the  disease,  were  found  in 
the  blood.  The  Qruber-Widal  reaction  1 :  100  was  positive  in  only 
42  per  cent;  the  newly  found  bacillus  was  always  agglutinated. 
Similar  reports  concerning  an  epidemic  of  14  cases  in  Holland  are 
made  by  de  Feyfer  and  Kayser ;  and  Sion  and  N^el  report  one  from 
Boumania.  Formerly  none  of  these  cases  would  have  been  differen- 
tiated from  true  typhoid.  The  house  epidemic,  noted  on  p.  270, 
where  seven  out  of  eleven  persons  drinking  water  from  a  tank  were 
infected  is  a  striking  instance.  One  died  and  it  was  only  by  acci- 
dent that  it  was  discovered  that  the  infection  was  due  to  the  para- 
tyiAoid  and  not  the  typhoid  bacillus.  These  bacilli  are  frequently 
21 
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found  in  the  discharges  from  healthy  persons  as  well  as  from  those 
suffering  from  typhoid  infection. 

Detection  of  Typhoid  Bacilli  in  Water. — There  is  absolutely  no 
doubt  that  the  contamination  of  streams  and  reservoirs  is  a  frequent 
cause  of  the  outbreak  of  epidemics  of  typhoid  fever,  but  the  actual 
finding  and  isolation  of  the  bacilli  is  a  very  rare  occurrence.  This 
is  often  due  to  the  fact  that  the  contamination  has  passed  away  before 
the  bacteriological  examination  is  undertaken,  and  also  to  the  great 
diflSculties  met  with  in  detecting  a  few  typhoid  bacilli  when  they  are 
associated  with  large  numbers  of  other  bacteria.  The  greater  the 
amount  of  contamination  entering  the  water,  and  the  shorter  the 
time  which  elapses  between  this  and  the  drinking  of  the  water,  the 
greater  is  the  danger.  A  recent  isolation  of  the  typhoid  bacillus  is 
that  from  the  small  storage  resevoir  supplying  Scranton.  In  this 
city  of  over  100,000  inhabitants  more  than  1  per  cent,  were  infected 
during  the  epidemic  of  the  winter  of  1907.  The  bacillus  was  iso- 
lated by  Fox  from  about  1  liter  of  water.  Tested  alongside  of  a 
culture  from  one  of  the  Scranton  cases  it  seemed  identical. 

The  Importance  of  Ice  in  the  Production  of  Typhoid  Fever. — 
We  may  endeavor  to  settle  this  question  directly  by  determining 
whether  epidemics  or  scattered  cases  of  typhoid  fever  have  been 
traced  to  ice,  or,  failing  in  this,  we  may  try  to  estimate  the  probabil- 
ity of  such  infection  by  learning  the  duration  of  life  of  the  typhoid 
bacillus  after  freezing. 

The  total  number  of  instances  of  typhoid  fever  which  have  been 
directly  ttaced  to  ice  infection  are  remarkably  few.  One  was  in 
France,  where  a  group  of  officers  placed  ice  made  from  water  pol- 
luted by  a  sewer  in  their  wine  and  afterward  a  large  percentage  de- 
veloped typhoid  fever,  while  those  of  the  same  company  not  using 
ice  escaped.  A  second  case  was  a  small  epidemic  which  occurred  in 
tho^e  who  used  ice  from  a  pond.  It  was  found  that  water  directly 
infected  with  typhoid  fseces  had  flowed  over  its  frozen  surface  and 
been  congealed  there.  If  typhoid  fever  is  communicated  through 
ice,  except  under  exceptional  conditions,  it  is  remarkable  that  so 
few  cases  are  traced  to  it. 

The  fact  that  freezing  kills  a  large  percentage  of  typhoid  bacilli 
makes  it  indeed  possible  to  conceive  that  ice  from  moderately  infected 
water  contains  so  few  living  typhoid  bacilli  that  only  the  exceptional 
person  here  and  there  becomes  infected,  and  so  the  source  of  the  in- 
fection remains  undetected. 

If  this  be  true  and  scattered  cases  occur,  there  should  be  at  least 
some  increase  on  some  or  every  year  in  March,  April  and  May  in 
such  a  city  as  New  York,  where  four-fifths  of  all  the  ice  consumed  is 
from  the  Hudson  River,  which  is  known  to  be  contaminated  with 
typhoid  bacilli.  The  people  of  New  York  use  ice  very  freely  and 
most  of  them  put  it  directly  in  their  water  or  place  their  vegetables 
on  it.  The  new  ice  from  the  Hudson  River  is  gathered  in  January 
or  February  and  stored  on  top  of   the  left-over  ice,  and  thus  ship- 
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ments  to  the  city  are  immediately  begun.  It  is  an  established  fact 
that  tyj^oid  bacilli  in  ice  are  most  abundant  during  the  days  imme- 
diately after  freezing.  At  the  end  of  two  months  less  than  1  per 
cent,  of  the  original  number  survive. 

If  Hudson  Kiver  ice  produced  an  appreciable  amount  of  lyphoid 
fever,  this  would  then  be  noticeable  in  March  and  in  April  and  per- 
haps in  May. 

When  we  examine  the  records  for  the  past  ten  years  we  find  no  in- 
crease of  tyjJioid  fever  in  Greater  New  York  during  those  months, 
with  the  one  exception  of  1907,  when  we  had  in  the  Borough  of  Man- 
hattan a  sharp  outbreak  lasting  four  weeks.  This  outbreak  did  not 
occur  at  all  in  Brooklyn.  As  the  people  of  Brooklyn  drank  different 
water,  but  received  ice  from  the  same  places  of  the  Hudson  River  as 
those  of  Manhattan,  this  directed  attention  to  the  water  or  milk 
rather  than  the  ice.  Examination  of  the  Croton  watershed  at  the 
time  showed  that  a  small  epidemic  of  typhoid  existed  there  and  that 
pollution  of  the  water  was  probable.  This  suggested  still  more 
strongly  that  the  water  and  not  the  ice  was  the  cause  of  the  typhoid 
infection. 

It  happened  that  most  of  the  cases  occurred  in  those  living  in  the 
section  of  the  upper  West  Side,  where  only  well-to-do  people  live. 
An  investigation  showed  that  the  majority  of  the  infected  had  used 
only  artificial  ice  and  several  had  used  no  ice  in  their  water  at  all. 

Let  us  now  turn  our  attention  to  the  life  of  the  typhoid  bacillus  in 
ice  in  laboratory  experiments.  The  first  important  investigation 
was  that  of  Prudden,  who  showed  that  typhoid  bacilli  might  live  for 
three  months  or  longer  in  ice.  This  experiment  is  frequently  wrongly 
interpreted,  as  when  a  recent  writer  states:  "It  has  been  amply 
demonstrated  that  the  germs  of  typhoid  fever  are  not  killed  by  freez- 
ing and  that  they  have  been  known  to  live  in  ice  for  long  periods  of 

time." 

Life  of  Twenty-one  Sti^ains  op  TYPHoro  Baciua  in  Ice. 

Average  namber  of  Percentage  typhoid 

bacnil  in  Ice.  bacilli  IlTlng. 

Before  freezing 2,560,410  100 

Frozen  three  days 1,089,470  42 

Frozen  seven   days    361,136  14 

Frozen  fourteen  days  203,300                                8 

Frozen  twenty-one   days    10,280                               0.4 

Frozen  twenty-eight  days   4,540                               0.17 

Frozen  five  weeks  2,950                               0.1 

Frozen  seven  weeks    2,302                               0.09 

Frozen  nine  weeks    127                               0.005 

Frozen  sixteen  weeks   107                               0.004 

Frozen  twenty-two  weeks    0                               0 

It  is  true  that  in  Prudden's  experiment  a  few  typhoid  bacilli  re- 
mained alive  for  three  months,  when  the  experiment  was  terminated, 
but  these  were  but  a  small  fraction  of  1  per  cent  of  the  original  num- 
ber. Following  Prudden's  experiment  Sedgwick  and  Winslow  in 
Boston  and  I  in  New  York  City  carried  on  independently  a  se- 
ries of  experiments.     These  led   to  the  same  conclusions.     A  table 
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summarizing  a  final  experiment  of  mine  in  which  twenty-one  differ- 
ent strains,  mostly  of  recent  isolation,  were  subjected  to  tiie  test  is 
given  on  page  307. 

In  these  experiments  twenty-one  different  flasks  of  Oroton  water 
.  were  inoculated  each  with  a  different  strain  of  typhoid  bacilli.  In 
one  a  little  of  the  faeces  rich  in  typhoid  was  directly  added.  The  in- 
fected water  in  each  flask  was  then  pipetted  into  thirty  tubes.  These; 
tubes  were  placed  in  a  cold  storage  room  in  which  the  temperature 
varied  from  20  to  28°  F.  At  first  tubes  were  removed  and  tested 
twice  a  week,  later  once  a  week.  The  object  of  using  so  many  differ- 
ent strains  was  because  it  has  become  evident  that  some  cultures  lived 
longer  than  others. 

'At  the  end  of  five  weeks  the  water  infected  with  six  cultures  was 
sterile,  at  the  end  of  sixteen  weeks  only  four  strains  remained  alive. 

Two  interesting  investigations  of  Hudson  River  were  carried  out 
in  1907. 

There  was  noticed  a  considerable  difference  between  the  number 
of  bacteria  in  the  top,  middle  and  bottom  layers  of  ice.  This  is 
natural,  since  while  water  in  freezing  from  above  downward  mark- 
edly purifies  itself,  75  per  cent,  of  the  solids  and  a  fair  proportion  of 
bacteria  being  eliminated,  yet  this  can  not  happen  in  the  case  of  the 
snow  blanket  which  becomes  flooded  by  rain  or  by  cutting  holes 
through  the  ice.  Here  all  impurities,  such  as  dust  and  leaves  which 
have  fallen  on  the  surface  and  dirt  which  may  come  from  the  water, 
remain  with  the  bacteria  which  they  carry,  since  all  are  retained  in 
the  porous  snow.  The  bacteria  in  freshly  cut  bottom  ice  generally 
show  the  least  destruction  by  freezing. 

Dr.  North,  in  his  investigation,  examined  the  ice  from  forty  spots 
between  Hudson  and  Albany.  He  took  samples  from  the  top,  middle 
and  bottom  of  each  cake  and  the  water  of  the  river. 

The  river  water  in  the  forty  specimens  averaged  1,800  bacteria 
per  C.C.,  the  top  ice  306,  the  bottom  ice  36  and  the  middle  ice  14. 
Only  four  specimens  of  top  ice  had  over  500  bacteria  per  cc,  none 
of  the  specimens  of  middle  or  bottom  ice. 

Thirty-three  of  the  specimens  of  water  had  over  500  and  23  over 
1,000.  Colon  bacilli  were  obtained  from  but  one  specimen  of  the 
middle  ice,  two  from  the  bottom  ice  and  twelve  from  the  top  ice. 

The  great  destruction  by  freezing  is  noticeable  in  these  figures. 
Even  the  top  ice  soiled  by  the  horses  and  men  gathering  it  contained 
but  16  per  cent,  as  many  bacteria  as  the  water  from  which  it  was 
obtained.  The  bottom  ice,  the  last  to  be  frozen,  had  but  2  per  cent 
of  those  in  the  water. 

Conclusions. 

The  danger  from  the  use  of  ice  produced  from  polluted  water  is  al- 
ways much  less  than  the  use  of  the  water  itself.  Every  week  that  the 
ice  is  stored  the  danger  becomes  less,  so  that  at  four  weeks  it  has  be- 
come as  much  purified  from  typhoid  bacilli  as  if  subjected  to  sand 
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filtration.  At  the  end  of  four  months  the  danger  becomes  almost 
negligible,  and  at  the  end  of  six  months  quite  so.  The  slight  danger 
from  freshly  cut  ice,  as  well  as  the  natural  desire  not  to  put  even  ster- 
ilized and  diluted  frozen  sewage  in  our  water,  suggests  that  portions 
of  rivers  greatly  contaminated,  such  as  the  Hudson  within  three  miles 
of  Albany,  should  be  condemned  for  harvesting  ice  for  domestic  pur- 
poses— such  ice  alone  to  be  used  where  there  is  absolutely  no  contact 
wili  food. 

Differential  Diagnosis. — The  tyjiioid  bacillus  and  the  bacilli  of 
the  colon  group  resemble  each  other  in  many  respects.  It  is  neces- 
sary to  remember  that  there  are  many  varieties  of  bacilli  differing  in 
both  cultural  and  agglutinating  reactions  which  are  grouped  under 
the  general  name  of  the  colon  bacillus.  By  comparing  what  has  b^en 
said  of  the  BacUlus  coli  and  the  BacUlus  typhosus  it  will  be  seen  that 
while  certain  varieties  of  each  simulate  eadb  other  in  many  respects, 
the  characteristic  varieties  of  each  still  possess  individual  character- 
istics by  which  they  may  be  readily  differentiated : 

1.  The  motility  of  the  B.  coli  is,  as  a  rule,  much  less  marked  than 
that  of  the  B.  typhosus.  The  colon  bacillus  is  also  shorter,  thicker, 
and  has  fewer  flagella. 

2.  In  gelatin  the  colonies  of  the  colon  bacillus  develop  more  rap- 
idly and  luxuriantly  than  those  of  the  typhoid  bacillus. 

3.  On  potato  the  growth  of  the  colon  bacillus  is  usually  rapid, 
luxuriant,  and  visible,  though  not  invariably  so;  while  that  of  the 
typhoid  bacillus  is  ordinarily  invisible. 

4.  The  characteristic  colon  bacillus  coagulates  milk  in  from  thirty- 
six  to  forty-eight  hours  in  the  incubator,  with  acid  reaction.  The 
typhoid  bacilluc  does  not  cause  coagulation. 

5.  The  colon  bacillus  is  conspicuous  for  its  power  of  causing  fer- 
mentation, with  the  production  of  gas  in  media  containing  glucose. 
The  typhoid  bacillus  never  does  this. 

6.  In  nutrient  agar  or  gelatin  containing  lactose  and  litmus  tinc- 
ture, and  of  a  slightly  alkaline  reaction,  the  color  of  the  colonies  of 
the  colon  bacillus  is  pink,  and  the  surrounding  medium  becomes  red ; 
while  the  colonies  of  the  typhoid  bacillus  are  blue,  and  there  is  little 
or  no  reddening  of  the  surrounding  medium.  The  same  points  hold 
true  on  the  Drigalski-Conradi  medium. 

7.  The  colon  bacillus  possesses  the  property  of  producing  indol  in 
cultures  in  bouillon  or  peptone;  the  characteristic  typhoid  bacillus 
does  not  produce  indol  in  these  solutions. 

8.  The  colon  bacillus  rarely  produces  thread  outgrowths  in  prop- 
erly prepared  Hiss  plate  medium.  The  typhoid  bacillus  produces 
thread  outgrowths  and  smaller  colonies  in  this  medium.  In  the  Hiss 
tube  medium  the  colon  bacillus  produces  either  a  growth  limited  to 
the  area  inoculated  or  a  diffuse  growth  streaked  with  clear  lines  and 
spaces.  The  typhoid  bacillus  produces  a  diffuse  growth,  evenly 
clouding  the  entire  medium. 


310  PAfBOOSmC  MICRO-ORGANISMS. 

9.  On  the  Capaldi  medium  the  colon  colonies  are  more  granular 
and  darker  than  those  of  the  typhoid  bacilli. 

10.  Finally,  on  adding  the  typhoid  bacilli  to  the  serum  of  animals 
immunized  to  the  typhoid  bacillus,  the  typhoid  bacilli  are  found  to 
absorb  all  the  agglutinin  acting  on  the  typiioid  bacilli  while  the  colon 
bacilli  absorb  little  or  none  of  it 

None  of  these  tests  alone  except  perhaps  the  absorption  test  can 
be  depended  upon  for  making  a  differential  diagnosis  of  the  colon 
bacillus  from  the  typhoid  bacillus  or  other  similar  bacilli. 

TJnfortimately,  also,  in  most  of  these  diaracteristics  certain  de- 
grees of  variation  may  often  be  observed  and  these  may  lead  to  con- 
fusion. For  instance,  the  morphology  may  vary  considerably,  at 
times  even  when  growth  on  the  same  culture  media,  and  the  motility 
is  not  always  equally  pronounced ;  the  flagella  may  vary ;  the  rapid- 
ity of  growth  may  differ,  especially  between  freshly  made  and  old 
cultures ;  the  grape-leaf  appearance  of  the  surface  colonies  on  gelatin, 
which  is  usually  diaracteristic,  may  vary  with  the  composition  of  the 
gelatin,  at  times  no  typical  colonies  at  all  being  presented;  the 
Sireads  in  the  Hiss  media  may  be  lacking;  in  rare  instances  the  ty- 
phoid bacillus  produces  indol ;  the  growth  on  potato  is  not  to  be  de- 
pended on,  often  being  visible  and  not  characteristic;  the  virulence 
of  both  the  bacilli  is  so  little  characteristic  that  it  can  hardly  be  used 
for  diagnostic  purposes;  and  finally,  the  serum  test  is  not  to  be  de- 
pended on  unless  the  agglutinins  in  the  serum  have  been  properly 
tested,  for  there  is  abimdant  agglutinin  for  some  of  the  colon  bacilli 
in  the  serimi  of  many  untreated  animals.  This  is  less  true  of  rab- 
bits than  of  horses  and  of  young  than  older  animals. 

In  spite,  however,  of  these  difficulties  it  is  very  easy  sufficiently  to 
identify  the  typhoid  bacillus  for  all  practical  purposes.  A  bacillus 
which  grows  typically  in  the  Hiss  tube  media,  and  shows  agglutina- 
tion with  a  high  dilution  of  the  serum  of  an  animal  inmiunized  to  the 
typhoid  bacillus,  is  in  all  probability  the  typhoid  bacillus.  If  this 
bacillus  absorbs  the  specific  typhoid  agglutinins  it  is  undoubtedly 
the  typhoid  bacillus.  The  same  could  probably  be  said  of  a  bacillus 
whiQh  grew  characteristically  in  glucose  bouillon  and  nutrient  gela- 
tin, besides  showing  the  specific  senmi  reaction.  A  still  further  test 
is  to  inoculate  animals  with  several  doses  of  the  dead  bacilli  whose 
identification  is  sought,  and  note  whether  there  is  produced  a  serum 
which  specifically  agglutinates  undoubted  tyj^oid  bacilli. 
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Tubercle  bacilli  in  red. 
Streptobacilli  in  blue. 
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Tubercle  bacilli  in  red. 
Tissue  in  blue. 
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FIG.  3 
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Leprosy  bacilli  in  nasal  secre- 
tion of  person  suffering  fpom 
nasal  lesions.    (Hansen.) 
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Short  snnegma  bacilli  in  red, 
rest  of  nnaterial  in  blue. 
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CHAPTER  XXIII. 
THE  BACILLUS  OF  TUBERCULOSIS. 

A  KNOWLEDGE  of  phthisis  was  certainly  present  among  men  at  the 
time  from  which  our  earliest  medical  descriptions  come.  For  over 
two  thousand  years  many  of  the  clearest-thinking  physicians  have 
considered  it  a  communicable  disease ;  but  it  is  only  within  compara- 
tively recent  times  that  the  infectiousness  of  tuberculosis  has  become 
an  established  fact  in  scientific  medicine.  Villemin,  in  1865,  by 
infecting  a  series  of  animals  through  inoculations  with  tuberculous 
tissue,  showed  that  tuberculosis  might  be  induced,  and  that  such 
tissue  carried  the  exciting  agent  of  the  disease.  Baumgarten  demon- 
strated early  in  1882,  bacilli  in  tissue  sections  which  are  now  known 
to  have  been  the  tubercle  bacilli.  But  these  investigations  and 
those  of  others  at  the  same  time,  though  paving  the  way  to  a  better 
knowledge  of  the  disease,  proved  to  be  unsatisfactory  and  incom- 
plete. The  announcement  of  the  discovery  of  the  tubercle  bacillus 
was  made  by  Koch  in  March,  1882.  Along  with  the  announcement 
satisfactory  experimental  evidence  was  presented  as  to  its  etiological 
relation  to  tuberculosis  in  man  and  in  susceptible  animals,  and  its 
principal  biological  characters  were  given.  An  innumerable  num- 
ber of  investigators  now  followed  Kodi  into  this  field,  but  their  ob- 
servations served  only  to  confirm  his  discovery. 

Distribution  of  Bacilli.— They  are  found  in  the  sputum  of  per- 
sons and  animals  suffering  from  pulmonary  or  laryngeal  tubercu- 
losis, either  free  or  in  the  interior  of  pus  cells ;  in  miliary  tubercles 
and  fresh  caseous  masses  in  the  lungs  and  elsewhere;  in  recent  tu- 
berculous cavities  in  the  lungs;  in  tuberculous  glands,  joints,  bones, 
mucous  membranes,  and  skin  affections. 

Morphology.  -The  tubercle  bacilli  are  slender,  non-motile  rods  of 
about  0.3ft  in  diameter  by  1.5  to  4/a  in  length.  (Plate  I.,  Figs.  1,  2, 
and  3.)  Commonly  they  occur  singly  or  in  pairs,  and  are  then  usually 
slightly  curved;  frequently  they  are  observed  in  smaller  or  larger 
bunches.  Under  exceptional  conditions  branching:  and  club-shaped 
forms  are  observed.  Injected  into  the  brain,  kidney,  and  other 
tissues  in  rabbits  a  growth  frequently  occurs  in  which  forms  similar 
to  actinomyces  develop.  The  tubercle  bacillus  clearly  belongs  among 
the  higher  forms  of  bacteria  and  is  closely  allied  to  actinomycosis. 
The  same  is  true  for  some  of  the  timothy  and  other  acid-fast  bacilli. 
In  strained  preparations  there  are  often  seen  unstained  portions. 
From  two  to  six  of  these  vacuoles  may  sometimes  be  noticed  in  a 
single  rod.  In  old  cultures  irregular  forms  may  develop,  the  rods 
being  occasionally  swollen  at  one  end  or  presenting  lateral  projec- 
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lions.  Here  also  spherical  granules  appear  which  stain  with  more 
diflSculty  than  the  rest  of  the  bacillus  and  also  retain  the  stain  with 
greater  tenacity.  The  bacilli,  however,  containing  these  bodies  are 
not  appreciably  more  resistant  than  those  not  having  them ;  although, 
therefore,  these  bodies  have  some  of  the  characteristics  of  a  spore, 
they  lack  the  quality  of  resistance  to  deleterious  influences  and  can- 
not be  considered  true  spores. 

The  bacilli  have  a  thin  capsule,  shown  in  one  way  by  the  fact  that 
they  appear  thicker  when  stained  with  fuchsin  than  with  methylene 
blue.  The  capsule  is  believed  to  contain  the  greater  portion  of  the 
wax-like  substance  peculiar  to  the  bacillus.  The  characteristics  of 
different  stains  are  given  below. 

Staining  Peculiarities. — These  are  very  important,  for  by  them  its 
differentiation  and  recognition  in  microscopic  preparations  of  spu- 
tum, etc.,  are  rendered  possible.  Owing  to  the  waxy  substance  in  its 
envelope  it  does  not  readily  take  up  the  ordinary  aniline  colors,  but 
when  once  stained  it  is  very  diflScult  to  decolorize,  even  by  the  use  of 

strong  acids.  The  more  recently  formed 
bacilli  are  much  more  easily  stained  and  de- 
I  ^^J      colorized    than    the    older    forms.     Ehrlich 

^  ^^r         devised  a  method  of  staining  whidi  proved 

I        y  L.       to  be  satisfactory — ^viz.,  the  use  of  a  solution 

f  ^^  ^       ^       of  an  aniline  color — fuchsin  or  methyl  violet 
^  *  """^         — in  a  saturated  aqueous  solution  of  aniline 

oil  and  decolorization  of  other  bacteria  with 
a  solution  of  a  mineral  acid,  to  be  followed 
by  a  contrast  stain,  such  as.  methylene  blue. 
(Plate  I.,  Figs.  1  and  2.)  Various  modifi- 
cations of  Ehrlich's  method  are  now  oom- 
Branchjd^forms.  (Prom  monly  uscd.  The  tuberde  bacilli  can  be 
demonstrated  also  by  Gram's  method  of  stain- 
ing.    The  details  of  methods  of  staining  are  given  on  page  340. 

Biology. — The  bacillus  tuberculosis  is  a  parasitic,  aerobic,  nan- 
motile  bacillus,  and  grows  only  at  a  temperature  of  about  37°  C, 
limits  30°  to  42°  C.     It  does  not  form  true  spores. 

Besistance. — The  bacilli,  possibly  on  accoimt  of  the  nature  of  their 
capsule,  have  a  somewhat  greater  resisting  power  than  most  other 
pathogenic  bacteria,  since  frequently  a  few  out  of  a  great  number  of 
bacilli  resist  desiccation  at  the  ordinary  temperatures  for  months; 
most  bacilli  die,  however,  soon  after  drying.  Upon  serum  cultures 
the  bacilli  seldom  live  longer  than  six  to  eight  months.  They  fre- 
quently retain  their  vitality  for  several  weeks  in  putrefying  mate- 
rial, such  as  sputum.  Cold  has  little  effect  upon  them.  When  dry, 
the  more  resistant  organisms  stand  dry  heat  at  100°  C.  for  hours; 
but  when  in  fluids  and  separated,  as  in  milk,  they  are  quickly  killed 
— ^viz.,  at  55°  C.  in  four  hours,  at  60°  C.  in  thirty  minutes,  at  65° 
C.  in  fifteen  minutes,  at  70°  C.  the  great  majority  in  one  minute^  all 
in  five  minutes,  at  80°  C.  the  great  majority  in  one  half  minute,  all 
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in  two  minutes,  and  at  95°  C.  in  one  minute.  There  are  reports  of 
experiments  which  indicate  that  tubercle  bacilli  may  withstand  heat 
to  a  greater  extent  than  the  above  figures  indicate.  It  is  possible 
when  masses  of  enormous  numbers,  especially  in  coagulated  clumps, 
are  tested  one  or  two  bacilli  may  resist  the  exposures  noted.  One 
reason  why  in  some  experiments  they  appear  to  withstand  high  tem- 
peratures is,  as  pointed  out  by  Theobald  Smith,  that  when  heated  in 
a  test-tube  in  the  usual  way  the  cream  which  rises  on  heating  is  ex- 
posed on  its  surface  to  a  lower  temperature  than  the  rest  of  the  milk, 
and  as  this  contains  the  greatest  percentage  of  the  bacteria  some  of 
them  are  exposed  to  less  heat  than  those  in  the  rest  of  the  fluid  re- 
ceive.    The  fat  globules  probably  protect  them  also. 

The  resisting  power  of  this  bacillus  to  chemical  disinfectants,  dry- 
ing^ and  li^t  is  considerable,  but  not  as  great  as  it  is  apt  to  appear, 
for,  as  in  sputum,  the  bacillus  is  usually  protected  by  mucus  or  cell 
protoplasm  from  penetration  by  the  germicidal  agent  It  is  not  al- 
ways destroyed  by  the  gastric  juice  in  the  stomach,  as  is  shown  by 
successful  infection  experiments  in  susceptible  animals  by  feeding 
them  with  tubercle  bacilli.  They  are  destroyed  in  sputum  in  six 
hours  or  less  by  the  addition  of  an  equal  quantity  of  a  5  per  cent  so- 
lution of  carbolic  acid.  Bichloride  of  mercury  is  less  suitable  for 
the  disinfection  of  sputum  as  it  combines  with  the  mucus  and  forms 
a  more  or  less  protecting  envelope.  Iodoform  has  ho  effect  upon  cul- 
tures until  5  per  cent  is  added.  The  fumes  from  four  pounds  of 
burning  sulphur  to  each  1000  cubic  feet  of  air  space  will  kill  tubercle 
bacilli  in  eight  hours  when  fully  exposed  to  the  action  of  the  gas,  pro- 
viding that  they  are  moist,  or  that  abundant  moisture  is  present  in 
the  air. 

Formaldehyde  gas  is  quicker  in  its  action,  but  not  much  more 
efiicient  Ten  ounces  of  formalin  should  be  employed  for  ea(»ri  J  000 
cubic  feet  of  air  space. 

The  tubercle  bacillus  in  sputum  when  exposed  to  diiect  sunlight  is 
killed  in  from  a  few  minutes  to  several  hours,  according  to  the  thick- 
ness of  the  layer  and  the  season  of  the  year;  it  is  also  usually  de- 
stroyed by  diffuse  dayliji^t  in  from  five  to  ten  days  when  placed  near 
a  window  in  fine  powder.  Protected 'in  cloth  the  bacilli  survive  ex- 
posure to  li^t  for  longer  periods.  Tuberculous  sputum  expecto- 
rated upon  sidewalks,  etc.,  when  left  undisturbed  in  the  shade  may 
be  infectious  for  weeks,  but  when  being  exposed  to  the  action  of  direct 
simlight,  will  in  many  cases,  especially  in  summer,  be  disinfected  by 
the  time  it  is  in  condition  to  be  carried  into  the  air  as  dust  This 
action  of  sunlight  and  other  more  important  hygienic  reactions,  sug- 
gest that  the  consumptive  patients  should  occupy  light,  sunny  rooms. 

Dried  sputum  in  rooms  protected  from  abundant  light  hag  occa- 
sionally been  found  to  contain  virulent  tubercle  bacilli  for  as  long  as 
ten  months.  For  a  year  at  least  it  should  be  considered  dangerous. 
The  Roentgen  rays  have  a  deleterious  effect  on  tubercle  bacilli  in  cul- 
tures, but  practically  none  upon  those  in  tissues. 
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Multiplication  of  Tubercle  Bacilli  in  Nature  Takes  Place  in  Body 
Only, — The  tubercle  bacillus  is  a  strict  parasite — ^that  is  to  say,  its 
biolc^cal  characters  are  such  that  it  could  scarcely  find  natural  con- 
ditions outside  of  the  bodies  of  living  animals  favorable  for  its  multi- 
plication. Under  exceptional  conditions,  such  as  in  freshly  ex- 
pectorated sputum,  tubercle  bacilli  may  increase  for  a  limited  time. 

Cultivation  of  tiie  Tubercle  Bacillus. — On  account  of  their  slow 
growth  and  the  special  conditions  which  they  require,  tubercle  ba- 
cilli cannot  be  grown  in  pure  culture  by  the  usual  plate  method  on 
the  ordinary  culture  media.  Koch  first  succeeded  in  cultivating  and 
isolating  this  bacillus  on  coagulated  beef  senma,  which  he  inocu- 
lated by  carefully  rubbing  the  surface  with  sections  of  tuberculous 
tissue  and  then  leaving  the  culture,  protected  from  evaporation,  for 
several  weeks  in  the  incubator.  Cultures  are  more  readily  obtained 
from  human  than  from  bovine  bacilli. 

Growth  on  Dog's,  Calf's  or  Sheep's  Serum  or  Egg. — On  these,  one  of 
which  is  generally  used  to  obtain  the  first  culture,  the  growth  first 
becomes  visible  at  the  end  of  ten  or  twenty-one  days  at  87°  C,  and 
at  the  end  of  three  or  four  weeks  a  distinct  and  diaracteristic  de- 
velopment has  occurred.  Small,  grayish-white  points  and  scales  first 
appear  on  the  surface  of  the  medium.  As  development  progresses 
there  is  formed  an  irregular,  membranous-looking  layer.  When  a 
tiny  piece  of  this  is  removed,  placed  on  a  covei^glass  without  rubbing, 
stained  and  then  observed  under  the  microscope,  the  surface  growth 
presents  a  characteristic  appearance,  the  bacilli  being  arranged  in 
parallel  rows  of  variously  curved  figures. 

Growth  on  Nutrient  3-6  per  cent.  Glycerin  Agar. — Owing  to  the  greater 
facility  of  preparing  and  sterilizing  glycerin  agar,  and  the  more 
rapid  and  abundant  growth  of  the  bacilli,  which  have  become  ac- 
customed to  growth  outside  the  body  on  this  medium,  it  is  now  usually 
employed  in  preference  to  blood  serum  for  continuing  to  produce 
later  cultures.  The  development  at  the  end  of  fourteen  to  twenty- 
one  days  is  more  abundant  than  upon  blood  serum  after  several 
weeks.  When  numerous  bacilli  have  been  distributed  over  the  sur- 
face of  the  culture  medium,  a  rather  uniform,  thick,  white  layel*, 
whidi  subsequently  acquires  a  slight  yellowish  tint,  is  developed; 
when  the  bacilli  sown  are  few  in  number,  or,  are  associated  in  scat^ 
tered  groups,  separate  colonies  are  developed,  which  acquire  consid- 
erable thickness  and  have  more  or  less  irregular  outlines.  The 
growth  appears  similar  to  that  shown  upon  bouillons  as  seen  in  Fig. 
97. 

Growth  on  Nutrient  Veal  or  Beef  Broth  Containing  5  per  cent,  of 
Glycerin. -^This  is  of  importance,  because  in  this  way  tuberculin  is 
produced.  On  these  media  the  tubercle  bacillus  also  grows  readily 
if  a  very  fresh  thin  film  of  growth  from  tlie  glycerin  agar  is  floated 
on  the  surface.  The  latter  of  these  media  is  used  for  the  develop- 
ment of  tuberculin.  The  small  piece  of  pellicle  removed  from  the 
previous  culture  continues  to  enlarge  while  it  floats  on  the  surface  of 
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the  liquid,  and  in  the  course  of  three  to  six  weeks  covers  it  wholly  as 
a  single  film,  which  on  agitation  is  easily  broken  up  and  then  settles 
on  the  bottom  of  the  flask,  where  it  ceases  to  develop  further.  The 
liquid  remains  clear.     A  practical  point  of  importance,  if  a  quick 
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Growth  of  tubercle  bacilli  upon  glycerin  bouillon.     (KoUe  and  Wassermann.) 

growth  is  desired,  is  to  remove  for  the  new  cultures  a  portion  of  the 
pellicle  of  a  growing  bouillon  culture,  which  is  very  thin  and  actively 
increasing. 

Growth  on  Potato.^ — ^A  good  growth  from  cultures  and  often  even 
from  tissue  takes  place  on  potato  which  is  moistened  with  3  per  cent, 
solution  of  glycerin  in  water.  The  potato  tubes  are  covered  by  a 
rubber  cap  to  lessen  evaporation  and  have  at  their  lower  end  a  bulb 
to  hold  sufficient  fluid  to  prevent  the  potato  from  dying. 

Obtaining  of  Pure  Cttltures  of  the  Tubercle  Bacillus  from  Sputum, 
Infected  Tissue  and  Other  Materi^. — On  account  of  the  time  re- 
quired and  the  difficulties  to  be  overcome  this  is  never  desirable  ex- 
cept when  careful  investigations  of  importance  are  to  be  undertaken. 
The  chief  point  of  present  interest  is  to  determine  the  type  of  bacillus 
present  in  as  many  cases  as  possible  so  as  to  learn  the  frequency  of 
bovine  bacilli  in  man.  Pvre  cultures  can  be  obtained  directly  from 
tuberculous  material  when  mixed  infection  is  not  present,  and  a 
proper  blood  serum  or  egg  culture  medium  is  at  hand ;  but  as  it  is  so 
difficult  to  get  material  free  from  other  bacteria  which  grow  much 
more  rapidly  and  take  possession  of  the  medium  before  the  tubercle 
bacillus  has  had  time  to  form  visible  colonies,  it  is  usually  necessary 
first  to  inoculate  a  guinea-pig,  both  subcutaneously  and  intraperi- 
toneally,  and  then  obtain  cultures  from  the  animal  as  soon  as  the 
tubercle  infection  has  fully  developed.  From  acute  tuberculosis  in 
man  in  other  regions  than  the  lungs  direct  cultures  on  blck>d  serum  or 
e^  may  be  made  with  some  hope  of  success.  Under  the  best  con- 
ditions great  care  and  patience  are  necessary  if  successful  results  are 
to  be  obtained. 

Animals  inoculated  usually  die  at  the  end  of  three  weeks  to  four 
months.     It  is  better,  however,  not  to  wait  until  death  of  the  animals. 
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but  at  the  end  of  four  weeks  to  kill  a  guinea-pig,  which  by  its  en- 
larged glands  shows  evidence  of  tuberculosis,  and  to  remove,  with 
the  greatest  care  to  avoid  infection,  one  or  more  nodules  from  the 
lungs,  spleen,  or  lymphatic  glands.  Animals  which  develop  tuber- 
culosis acutely  are  apt  to  have  abundant  tubercle  bacilli  and  give 
successful  cultures,  while  the  chronic  cases  usually  have  few  bacilli 
and  frequently  give  unsuccessful  cultures.  The  animals  after  being 
killed  are  placed  in  trays,  and  after  washing  with  a  5  per  cent,  solu- 
tion of  carbolic  acid,  immediately  autopsied.  The  skin  over  the  an- 
terior portion  of  the  body  having  been  carefully  turned  back,  an 
opening  is  cut  with  a  fresh  set  of  sterile  instruments  into  the  thoracic 
or  abdominal  cavity;  then  with  a  sterile  forceps  the  lymjA^land, 
portion  of  spleen  or  other  part  which  it  is  desired  to  examine  is  re- 
moved to  a  sterile  covered  beaker.  This  tissue,  if  suitable,  is  crushed 
between  forceps  and  smeared  generally  over  the  surface  of  the  cul- 
ture medium.  The  cultures  are  allowed  to  remain  at  37°  C.  for 
seven  to  ten  days,  and  then  by  means  of  a  platinum  wire  gently 
rubbed  and  drawn  over  the  surface  of  the  media,  the  new  growth  of 
bacilli  is  disseminated.  The  tubes  are  then  replaced  in  the  incubator 
for  ten  days  to  three  weeks,  when  a  visible  culture  should  be  ob- 
tained. Owing  to  the  liability  of  the  blood  serum  to  become  too  dry 
for  the  development  of  the  bacillus,  it  is  necessary  to  keep  the  culture 
moist  by  sealing  the  end  in  some  way.  Theobald  Smith  gives  the  fol- 
lowing details  as  to  his  method,  which  can  be  generally  applied  in 
the  methods  used  by  others. 

''Throughout  the  work  solidified  dog's  serum  was  used  as  being  the  best 
medium.  The  dog  was  bled  under  chloroform  and  the  blood  drawn  from  a 
femoral  artery,  under  aseptic  conditions,  through  sterile  tubes  directly  into 
sterile  flasks.  The  serum  was  drawn  from  the  clot  with  sterile  pipettes,  and 
either  distributed  at  once  into  tubes  or  else  stored  with  0.25  to  0.3  per  cent, 
chloroform  added.  The  temperature  required  to  produce  a  suflBciently  firm 
and  yet  not  too  bard  and  dry  serum  is,  for  the  dog,  75®  to  76®  C.  The 
tubes  containing  the  serum  were  set  in  a  thermostat,  into  which  a  dish  of 
water  was  placed,  to  forestall  any  abstraction  of  moisture  from  the  serum. 
About  three  hours  suffice  for  the  coagulation.  This  procedure  dispenses 
with  all  sterilization,  excepting  that  going  on  during  the  coagulation  of  the 
serum.  It  prevents  the  gradual  formation  of  membranes  of  salts,  which, 
remaining  on  the  surface  during  coagulation,  form  a  film  unsuited  for  bac- 
teria. Tubes  of  coagulated  serum  should  be  kept  in  a  cold,  closed  space, 
where  the  opportunities  for  evaporation  are  slight.  They  should  always  be 
kept  inclined. 

''  The  ordinary  cotton-plugged  test-tubes  I  do  not  use,  because  of  the  rapid 
drying  out  permitted  by  them  as  well  as  the  opportunities  for  infection  with 
fungi.  Instead,  a  tube  is  used  which  has  a  ground-glass  cap  fitted  over  it. 
This  cap  contracts  into  a  narrow  tube  plugged  with  glass-wool;  this  plug  is 
not  disturbed.  The  tube  is  cleaned,  filled,  and  inoculated  by  removing  the 
cap.  With  sufficient  opportunity  for  the  interchange  of  air  very  little  evapo- 
ration takes  place,  and  contamination  of  the  culture  is  a  very  rare  occurrence. 
In  inoculating  these  tubes  bits  of  tissue  which  include  tuberculous  foci,  espe- 
cially the  most  recent,  are  torn  from  the  organs  and  transferred  to  the  serum. 
Very  little  crushing,  if  any,  is  desirable  or  necessary.  I  think  many  failures 
are  due  to  the  often  futile  attempts  to  break  up  fim  tubercles.    Nor  should 
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the  bits  of  tissue  be  rubbed  into  the  surface,  as  is  sometimes  recommended. 
After  a  stay  of  several  weeks  in  the  thermostat  I  usually  remove  the  tubes 
and  stir  about  the  bits  of  tissue.  This  frequently  is  the  occasion  for  a 
prompt  appearance  of  growth  of  tiny,  dull-^ayish  colonies  within  a  week, 
as  it  seems  to  put  certain  still  microscopic  colonies  in  or  around  the  tissues 
into  better  condition  for  further  development.  From  this  first  jn-owth  of 
tubercle  bacilli  fresh  serum  tubes  are  inoculated.  From  these  either  serum 
or  glycerin-agar  tubes  are  inoculated.  The  thermostat  should  be  fairly  con- 
stant, as  urged  by  Koch  in  his  classic  monograph;  but  I  look  upon  moisture 
as  of  more  importance.  If  possible  a  thermostat  should  be  used  which  is 
opened  only  occasionally.  Into  this  a  large  dish  of  water  is  placed,  which 
keeps  the  space  saturated.  Ventilation  should  be  restricted  to  a  minimum. 
Ab  a  consequence,  moulds  grow  luxuriantly,  and  even  the  gummed  labels 
must  be  replaced  by  pieces  of  stiff  manila  paper  fastened  to  the  tube  with 
a  rubber  band.  By  keeping  the  tubes  inclined  no  undue  amount  of  condensa- 
tion of  water  can  collect  in  the  bottom,  and  the  upper  portion  of  the  serum 
remains  moist.  The  only  precaution  to  be  applied  to  prevent  infection  with 
moulds  is  to  thoroughly  flame  the  joint  between  the  tube  and  cap,  as  well  as 
the  plugged  end,  before  opening  the  tube." 

In  our  experience,  ordinary  test  tubes  plugged  with  sterilized  corks 
which  have  been  slightly  charred  can  be  substituted  for  the  more 
elaborate  Smith  tubes.  It  is  more  difficult  to  get  a  growth  of  bovine 
than  of  the  human  type  of  bacilli.  All  methods  frequently  fail  when 
the  tuberculous  tissue  used  contains  very  few  bacilli.  Dorset  advises 
the  use  of  egg  as  the  best  medium.  We  have  had  very  good  results 
with  it  The  whole  egg  is  collected  with  10  per  cent  of  water,  mixed, 
strained,  filled  into  tubes  and  coagulated  in  a  moist  chamber  at 
70°  C. 

Rapid  Method  of  Hesse. — Sometimes  it  is  desirable  to  prove  that 
bacilli  found  in  sputum  are  alive.  This  can  generally  be  done  by 
usin^  the  medium  of  Hesse.  This  is  composed  of  agar,  10--20; 
"  NahrstoflF "  Heyden  10,  sodium  chloride  5,  glycerin  80,  normal 
soda  solution  5,  water  up  to  1000.  TTpon  this  medium  few  bac- 
teria grow  vigorously  and  thus  the  minute  tubercle  bacillus  colonies 
are  not  readily  covered  up.  After  24-48  hours  the  tubercle  bacilli 
produce  very  tiny  colonies  which  must  be  looked  for  under  the  micro- 
scope. When  a  cover-glass  is  pressed  upon  them  and  removed  the 
acid-fast  bacilli  appear  more  abundantly  than  in  the  original  sputum. 

Pafhogenesis. — The  tubercle  bacillus  is  pathogenic  not  only  to 
man,  but  to  a  large  number  of  animals,  such  as  the  cow,  monkey, 
pig,  cat,  etc  Young  guinea-pigs  are  very  susceptible,  and  are 
much  used  for  the  detection  of  tubercle  bacilli  in  suspected 
material.  When  inoculated  with  the  minutest  doses  of  the 
living  bacilli  they  usually  succumb  to  the  disease.  Infection 
is  most  rapidly  produced  by  intraperitoneal  injection.  If  a  large 
dose  is  given  death  follows  in  from  ten  to  twenty  days.  The  omen- 
tum is  found  to  be  clumped  together  in  sausage-like  masses  and  con- 
verted into  hard  knots,  which  contain  many  bacilli.  There  is  no 
serous  fluid  in  the  peritoneal  cavity,  but  generallv  in  both  pleural 
sacs.  The  spleen  is  enlarged,  and  it,  as  well  as  the  liver  and  peri- 
toneum,  contains   large   numbers   of  tubercle   bacilli.     If   smallei 
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doses  are  given  the  disease  is  prolonged.  The  peritoneum  and  inter- 
ior organs — spleen,  liver,  etc.,  and  often  the  lungs — are  then  filled 
with  tubercles.  On  subcutaneous  injection,  for  instance,  into  the 
abdominal  v^rall,  there  is  a  thickening  of  the  tissues  about  the  point 
of  inoculation,  which  breaks  down  in  one  tto  three  weeks  and  leaves 
a  sluggish  ulcer  covered  with  cheesy  material.  The  nei^boring 
lymph  glands  are  swollen,  and  at  the  end  of  two  or  three  weeks  may 
attain  the  size  of  hazel-nuts.  Soon  an  irr^ular  fever  is  set  up,  and 
the  animal  becomes  emaciated,  usually  dying  within  four  to  eight 
weeks.  If  the  injected  material  contained  only  a  small  number  of 
bacilli  the  wound  at  the  point  of  inoculation  may  heal  up  and  death 
be  postponed  for  a  long  time.  On  autopsy  the  lymphatic  glands  are 
found  to  have  undergone  cheesy  degeneration;  the  spleen  is  very 
much  enlarged,  and  throughout  its  substance,  which  is  colored  dark 
red,  are  distributed  masses  of  nodules!  The  liver  is  also  enormously 
increased  in  size,  streaked  brown  and  yellow,  and  the  lungs  are 
filled  with  grayish-white  tubercles ;  but,  as  a  rule,  the  kidneys  con- 
tain no  nodules.  Tubercle  bacilli  are  always  found  in  the  affected 
tissues,  but  the  more  chronic  the  process  the  fewer  the  bacilli  that  are 
apt  to  be  present 

Rabbits  are  also  quite  susceptible  to  tuberculosis,  especially  of  the 
bovine  type,  but  considerably  less  so  than  guinea-pigs.  In  rabbits 
death  almost  invariably  follows  inoculations  of  tuberculous  material 
into  the  anterior  chamber  of  the  eye.  The  local  effects  are  iris  tu- 
berculosis and  cheesy  degeneration  of  the  pupil.  The  bacilli  then 
penetrate  to  the  neighboring  lymph  glands,  producing  softening  of 
these,  then  pulmonary  tuberculosis,  general  tuberculosis,  and  finally 
death  at  the  end  of  several  weeks  or  months.  Subcutaneous  inoc- 
ulations are  less  effective,  and  in  small  doses  frequently  do  not  kill. 
Intravenous  and  intraperitoneal  injections  usually  produce  general 
tuberculosis  and  death  at  the  end  of  a  few  weeks. 

Of  other  susceptible  animals,  field-mice  and  cats  are  readily  in- 
fected by  artificial  inoculations  of  tuberculous  material;  rats,  white 
mice,  and  dogs  only  when  very  large  doses  are  given.  All  these 
animals  present  the  anatomical  lesions  of  miliary  tuberculosis. 
Canaries  are  also  susceptible  to  inoculations  of  the  tubercle  bacillus, 
but  not  sparrows.  Fowls  ^d  pigeons  are  only  moderately  suscep- 
tible to  the  bacillus  derived  from  man.  Among  the  larger  birds, 
parrots  alone  would  seem  to  be  clearly  susceptible. 

Tubercle  Toxins. — These  comprise  both  endotoxins  and  extracellular 
poisons.  Injections  of  endotoxins  cause  necrosis,  abscess  and  dieesy 
degeneration  of  tissues  and  general  cachexia.  The  extracellular 
poisons  produce  fever  and  an  acute  inflammatory  reaction  of  the 
tissues.  These  poisons  will  be  considered  in  detail  later  in  connec- 
tion with  tuberculins. 

Action  upon  the  Tissues  of  the  Poisons  Produced  by  the  Tubercle 
Bacillafl. — Soon  after  the  introduction  into  the  tissues  of  tubercle 
bacilli,  either  living  or  dead,  the  cells  surrounding  them  begin  to 
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show  that  some  irritant  is  acting  upon  them.  The  connective-tissue 
cells  become  swollen  and  undergo  mitotic  division,  the  resultant  cells 
being  distinguished  by  their  large  size  and  pale  nuclei.  A  small 
focus  of  proliferated  epithelioid  cells  is  thus  formed  about  the  bacilli, 
and  according  to  the  intensity  of  the  inflamniation  these  cells  are  sur- 
rounded by  a  larger  or  smaller  number  of  the  lymphoid  cells.  When 
living  bacilli  are  present  and  multiplying  the  lesions  progress,  the 
central  cells  degenerate  and  die,  and  a  dieesy  mass  results,  which 
later  may  lead  to  the  formation  of  cavities.  Dead  bacilli,  on  the 
other  hand,  give  off  sufficient  poison  to  cause  the  less  marked  changes 
only,  and  neVer  produce  cavities  (Prudden  and  Hodenpyl).  Of  the 
gross  pathological  lesions  produced  in  man  by  the  tubercle  bacilli  the 
most  characteristic  are  small  nodules,  called  miliary  tubercles.  When 
young,  and  before  they  have  undergone  degeneration,  these  tubercles 
are  gray  and  translucent  in  color,  somewhat  smaller  than  a  millet 
seed  in  size,  and  hard  in  consistence. 

But  miliary  tubercles  are  not  the  sole  tuberculous  products.  The 
tubercle  bacilli  may  cause  the  diffuse  growth  of  a  tissue  identical  in 
structure  with  that  of  miliary  tubercles — that  is,  composed  of  a  base- 
ment substance,  containing  epithelioid,  giant,  and  lymphoid  cells. 
This  diffuse  tubercle  tissue  also  tends  to  undergo  cheesy  degeneration. 

Ufliial  Point  of  Entrance  of  Infection. — Infection  by  the  tubercle 
bacillus  takes  place  usually  through  the  respiratory  tract  or  the 
digestive  tract  including  the  pharynx  and  tonsils,  more  rarely  through 
wounds  of  the  skin. 

Tuberculosis  may  be  considered  to  be  caused  chiefly  by  the  direct 
transmission  of  tubercle  bacilli  to  the  mouth  through  soiled  hands, 
lips,  handkerchiefs,  food,  etc.,  or  by  the  inhalation  of  fine  particles 
of  mucus  thrown  off  by  coughing  or  loud  speaking,  or  of  tuberculous 
dust  contaminated  by  sputum  or  feces. 

Tuberculosis  of  Skin  and  Mncons  Membranes. — ^When  the  skin  or 
mucous  membranes  are  superficially  infected  through  wounds  there 
may  develop  lupus,  ulceration,  or  a  nodular  growth.  The  latter  two 
forms  of  infection  are  apt  after  an  interval  to  cause  the  involvement  of 
the  nearest  lymphatic  glands,  and  then  finally  the  deeper  structures. 

Tuberculosis  of  Respiratory  Tract. — The  lungs  are  the  most  frequent 
location  of  tuberculous  inflammation,  in  spite  of  the  fact  that  on  ac- 
count of  their  location  they  are  greatly  protected.  Most  of  the  bacilli 
are  caught  upon  the  nasal  or  pharyngeal  mucous  membranes.  Only 
a  small  percentage  can  find  their  way  to  the  larynx  and  trachea,  and 
still  less  to  the  smaller  bronchioles.  From  the  examination  of  the 
lungs  of  miners  as  well  as  from  experimental  tests  there  is  no  doubt 
but  that  some  of  the  bacilli  find  their  way  into  the  deeper  bronchi. 
The  deeper  the  bacilli  penetrate  the  more  unlikely  tliat  they  can  be 
cast  out  The  lungs  become  infected  also  by  indirect  ways,  for  it  is 
now  well  established  that  infection  taking  place  through  various  chan- 
nels may  find  its  way  to  the  lungs  and  excite  there  the  most  exten- 
sive lesions  with  or  without  leaving  any  trace  of  its  point  of  entrance. 
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The  nasal  cavities  are  rarely  affected  with  tuberculosis,  but  more 
often  the  retropharyngeal  tissue.  Tuberculosis  of  this  tissue  as  well 
as  that  of  the  tonsils  is  apt  to  give  rise  to  infection  of  the  lymphatic 
glands  of  the  neck.  It  is  believed  that  just  as  bacilli  may  pass 
through  the  intestinal  walls  to  infect  the  mesenteric  glands  so  bacilli 
may,  without  leaving  any  trace,  pass  through  the  tonsils  to  the  glands 
of  the  neck. 

Primary  infection  of  the  larynx  is  rare.  Secondary  infection  is 
fairly  common.  The  region  of  the  local  cords  and  the  interarytenoid 
space  are  the  special  sites  attacked. 

Infection  by  Inhalation  of  Dried  and  Moist  BadllL  A  most  com- 
mon mode  of  infection  is  by  means  of  tuberculous  sputum,  which, 
being  coughed  up  by  consumptives,  is  either  disseminated  as  a  fine 
spray  and  so  inhaled,  or,  carelessly  expectorated,  dries  and  distributes 
numerous  virulent  bacilli  in  the  dust  As  long  as  the  sputum  re- 
mains moist  there  is  no  danger  of  dust  infection,  but  only  of  direct 
contact;  it  is  only  when  it  becomes  dry,  as  on  handkerdiiefs,  bed- 
clothes, and  the  floor,  etc.,  that  the  dust  is  a  source  of  danger. 

A  great  number  of  the  expectorated  and  dried  tubercle  bacilli 
undoubtedly  die^  especially  when  exposed  to  the  action  of  direct  sun- 
light ;  but  when  it  is  considered  that  as  many  as  five  billion  vinilent 
tubercle  bacilli  may  be  expectorated  by  a  single  tuberculous  individ- 
ual in  twenty-four  hours,  it  is  evident  that  even  a  much  smaller  pro- 
portion than  are  known  to  stay  alive  will  suffice  in  the  immediate 
vicinity  of  consumptives  to  produce  infection  unless  precautions  are 
taken  to  prevent  it.  The  danger  of  infection  is  greatest,  of  course, 
in  the  close  neighborhood  of  tuberculous  patients  who  expectorate 
profusely  and  indiscriminately — ^that  is,  without  taking  the  neces- 
sary means  for  preventing  infection.  There  is  much  less  danger  of 
infection  at  a  distance,  as  in  the  streets  for  instance,  where  the 
tubercle  bacilli  have  become  so  diluted  that  they  are  less  to  be  feared. 
In  rooms  the  sputum  is  not  only  protected  from  the  direct  sunlight, 
but  it  is  constantly  broken  up  and  blown  about  by  the  walking, 
closing  of  doors,  etc.  In  crowded  streets  on  windy  days  infected 
dust  must  sometimes  be  in  the  air  unless  the  expectoration  of  con- 
sumptives is  controlled. 

Exhaustive  experiments  made  by  many  observers  have  shown  that 
particles  of  dust  collected  from  the  immediate  neighborhood  of  con- 
sumptives, when  inoculated  into  guinea-pigs,  produce  tuberculosis 
in  a  considerable  percentage  of  them ;  whereas,  the  dust  from  rooms 
inhabited  by  healthy  persons  or  the  dusts  of  the  streets  does  so  only 
in  an  extremely  small  percentage.  Fliigge  is  probably  right  in  think- 
ing that  the  dust  which  is  fine  enough  to  remain  for  a  long  time  in 
suspension  in  the  air  is  usually  free  from  living  bacilli.  It  is  in 
the  coarser  though  still  minute  particles,  those  in  which  the  bacilli 
are  protected  by  an  envelope  of  mucus,  that  the  germs  resist  drying 
for  considerable  periods.  These  are  carried  only  short  distances 
by  air  currents.     Such  results  as  those  obtained  by  Straus,  who  on 
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examining  the  nasal  secretions  of  twenty-nine  healthy  persons  living 
in  a  hospital  with  consumptive  patients,  found  tubercle  bacilli  in 
nine  of  them,  must  be  accepted  with  some  reserve,  since  we  know  that 
in  the  air  there  are  bacilli  which  look  and  stain  like  tubercle  bacilli 
and  yet  are  totally  different.  It  may  be  said  that  the  danger  of  in- 
fection from  slight  contact  with  tuberculosis  is  not  so  great  as  it  is 
considered  by  many,  but  that  on  this  account  it  is  all  the  more  to  be 
feared  and  guarded  against  in  the  immediate  neighborhood  of  con- 
sumptives. Those  who  are  most  liable  to  infection  from  this  source 
are  the  families,  the  nurses,  the  fellow-workmen,  and  fellow-prison- 
ers of  persons  suffering  from  the  disease.  In  this  connection,  also, 
attention  may  be  drawn  to  the  fact  that  rooms  which  have  been  re- 
cently occupied  by  consumptives  are  not  infrequently  the  means  of 
producing  infection  (as  has  been  clinically  and  experimentally 
demonstrated)  from  the  deposition  ^of  tuberculous  dust  on  furniture, 
walls,  floors,  etc.  Fliigge  has  recently  drawn  attention  to  the  fact 
that  in  coughing,  sneezing,  etc.,  very  fine  particles  of  throat  secretion 
are  thrown  out  and  carried  by  air  currents  many  feet  from  the  pa- 
tient and  remain  suspended  in  the  air  for  a  considerable  time.  This 
is  another  means  of  infection,  but  probably  a  less  frequent  one.  To 
encourage  us  we  now  have  a  mass  of  facts  which  go  to  show  that  when 
the  sputum  is  carefully  looked  after  there  is  very  little  danger  of  in- 
fecting others  except  by  close  personal  contact. 

Tuberculosis  of  Digestive  Tract. — Tuberculosis  of  the  gums,  cheeks, 
and  tongue  are  rare,  and  usually  occur  through  the  germs  entering 
lacerations  caused  by  sharp,  ragged  teeth.  The  tonsils  and  pharynx 
are  somewhat  more  often  involved.  The  stomach  protected  through 
its  acid  gastric  juice,  and  oesophagus  by  its  epithelium,  are  almost 
never  attacked. 

The  small  intestines  are  rather  frequently  the  seat  of  infection 
from  bacilli  swallowed  with  the  food  or  dust  infected  mucus.  In  a 
striking  case  four  previously  healthy  children  died  within  *a  short 
period  of  one  another.  Their  nurse  was  found  to  have  tuberculosis 
of  the  antrum  of  Highmore,  with  a  fistulous  opening  into  the  mouth. 
She  had  the  habit  of  putting  the  spoon  with  which  she  fed  the  chil- 
dren into  her  mouth  so  as  to  taste  the  food  before  it  was  given  to 
them.  As  already  noted,  the  bacillT  frequently  pass  through  the 
mucous  membrane  to  the  lymph  glands  without  leaving  any  lesions. 

Intestinal  and  mesenteric  tuberculosis  is  due  not  only  to  swallow- 
ing the  bacilli  received  in  the  above  ways,  from  human  sources,  but 
also  from  tuberculous  milk.  The  records  of  2530  autopsies  of  chil- 
dren dying  from  all  causes  under  15  years  give  3.8  per  cent  and  of 
564  between  1  and  15  years  12.5  per  cent.  This  difference  is  due  to 
the  fact  that  infants  under  one  year  have  seldom  become  infected 
with  tuberculosis.     They  furnish  however  a  great  many  deaths. 

Infection  by  Ingestion  of  Milk. — ^lilk  serves  as  a  conveyer  of  infec- 
tion,  whether   it  be   the  milk   of   nursing   mothers   or   the   milk 
22 
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of  tuberculous  cows.  In  this  case  evidence  of  infection  is  usually 
shown  in  the  mesenteric  glands,  while  the  intestinal  walls  are  fre- 
quently not  affected.  Bacilli  accompanied  by  fat  much  more  read- 
ily pass  through  the  intestinal  mucous  membrane  or  that  of  the 
tonsils  and  pharynx.  It  is  certain  that  tuberculous  infection  may 
be  caused,  under  certain  conditions,  by  absorption  through  serous  or 
mucous  membranes  without  the  evidence  of  any  local  lesion.  The 
transmission  of  tubercle  bacilli  in  the  milk  of  tuberculous  cows  has 
been  abundantly  proved.  Formerly  it  was  thought  that  in  order  to 
produce  infection  by  milk  there  must  be  a  local  tuberculous  affec- 
tion of  the  udder ;  but  it  is  now  known  that  tubercle  bacilli  may  be 
found  in  the  milk  when  an  internal  organ  is  infected,  and  when  care- 
ful search  fails  to  detect  any  udder  disease.  Schroeder  has  shown 
that  the  feces  are  a  very  dangerous  factor  in  the  dissemination  of 
tubercle  bacilli  by  cattle  infected  with  tuberculosis.  He  compares 
feces  in  cattle  to  sputum  in  man,  since  when  tubercle  bacilli  are 
swallowed  by  cattle  they  are  to  a  great  extent  passed  through  the  in- 
testinal tract  without  destruction.  He  found  when  milk  from 
phthisical  cows  having  healthy  udders  was  obtained  so  as  not  to  be- 
come infected  by  feces  that  it  was  free  from  tuberculosis,  but  when 
obtained  without  special  precautions  it  was  frequently  infected.  The 
milk  of  every  cow  which  has  any  well-developed  internal  tuberculous 
infection  must  therefore  be  considered  as  possibly  containing  tubercle 
bacilli.  Rabinowitsch  and  Kempner  also  proved  beyond  question 
that  not  only  the  milk  of  tuberculous  cattle,  which  showed  no  appre- 
ciable udder  disease,  but  also  those  in  which  tuberculosis  was  only  de- 
tected through  tuberculin,  frequently  contained  tubercle  bacilli. 
Different  observers  have  found  tubercle  bacilli  in  10  to  30  per  cent, 
of  the  samples  of  unheated  city  milk.  When  we  consider  the  preva- 
lence of  tuberculosis  among  cattle  we  can  readily  realize,  even  if  the 
bovine  bacillus  with  difficulty  infects  human  beings,  the  danger  to 
which  children  are  exposed  from  this  source  of  infection.  Thus,  tak- 
ing the  abattoir  statistics  of  various  countries,  we  find  that  about  10 
per  cent,  of  the  cattle  slaughtered  were  tuberculous.  A  less  probable 
source  of  infection  by  way  of  the  intestines  is  the  flesh  of  tuberculous 
cattle.  Here  the  danger  is  considerably  less,  from  the  fact  that  meat 
is  usually  cooked,  and  also  because  the  muscular  tissues  are  seldom 
attacked.  In  view  of  the  finding  of  the  bovine  type  of  bacilli  in  a 
considerable  percentage  of  the  few  cases  tested  of  tuberculous  chil- 
dren, the  legislative  control  and  inspection  of  cattle  and  milk  would 
seem  to  be  an  absolute  necessity.  As  a  practical  and  simple  method 
of  preventing  infection  from  suspected  milk,  sterilization  (by  heat) 
of  the  milk  used  as  food  must  cx)mmend  itself  to  all.  It  is  only 
right  to  state,  however,  that  up  to  the  present  time  the  actual  proof 
that  human  tuberculosis  exempt  in  children  has  frequently  come  from 
milk  or  food  infected  with  bovine  tuberculosis  is  not  conclusive. 

Bovine  Infection  in  Man.— A  recent  summary  gathers  together  71 
cases   of  gland   tuberculosis   in   which  the   type   of  the   infecting 
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organism  has  been  investigated.  Eighteen  cultures  were  studied 
by  the  British  Tuberculosis  Commission,  twenty-seven  by  the  Ger- 
man Commission  and  twenty-six  by  other  investigators.  Of  fifty- 
nine  cases  of  mesenteric  and  gland  tuberculosis  in  children  forty-one 
revealed  the  bovine  type  of  bacilli,  while  of  the  twelve  adult  cases 
only  three  were  of  the  bovine  type.  The  characteristics  of  the  lesions 
in  the  two  types  of  infection  did  not  show  any  consistent  differences. 
The  cases  of  pulmonary''  and  joint  tuberculosis  have  in  nearly  all 
instances  revealed  the  human  type  of  bacillus.  The  differences  be- 
tween bovine  and  human  tubercle  bacilli  will  be  discussed  later. 

Autoinfection  by  Swallowing  Sputum. — The  seconda/ry  forms  of 
tuberculosis  which  often  succeed  a  primary  infection  of  the  lungs 
may  be  explained  as  autoinfections,  from  the  coughing  up  and  swal- 
lowing of  the  sputum  containing  bacilli.  It  is  a  wonder,  indeed,  that 
intestinal  tuberculosis  is  not  more  common ;  but  this  is  probably  due 
to  the  action  of  the  gastric  juice,  to  a  general  immunity  and  to  the 
fact  that  in  adults  the  intestines  are  comparatively  insusceptible. 

Hypothesis  of  Transmissibility  of  Tubercle  Bacilli  to  the  Foetus. — There 
is  some  evidence  of  the  transmission  of  tubercle  bacilli  from  the 
mother  of  the  foetus  in  animals.  With  regard  to  tuberculosis  in  the 
human  foetus  the  evidence  is  not  so  dear,  though  some  twenty  cases 
have  been  recorded  of  tuberculosis  in  newly  bom  infants,  and  about  a 
dozen  cases  are  recorded  of  placental  tuberculosis.  As  to  the  infection 
of  the  foetus  from  the  paternal  side,  where  the  father  has  tuberculosis 
of  the  scrotum  or  seminal  vessels  (which  have  been  found  to  be  tuber- 
culous in  exceptional  cases),  we  have  no  reason  to  suppose  that  such  can 
occur.  There  are,  however,  grounds  for  belief  that  infection  in  this 
way  may  take  place  from  husband  to  wife.  Thus,  Gartner  found,  as  a 
result  of  his  experiments  in  animals,  that  a  large  majority  of  the 
guinea-pigs  and  rabbits  which  were  brought  together  with  males  whose 
semen  contained  tubercle  bacilli  died  of  primary  genital  tuberculosis ; 
but  from  the  rarity  of  this  affection  in  women  and  cows  it  may  be  as- 
sumed that  tubercle  bacilli  occur  very  much  less  frequently  in  semen 
of  men  and  cattle  than  in  that  of  the  smaller  animals.  It  is  be- 
lieved that  the  semen  of  those  suffering  from  advanced  or  local  geni- 
tal tuberculosis  contains  tuberculous  toxins  which  cripple  the  activity 
of  the  spermatozoa. 

Attenuation. — Tubercle  bacilli  when  subjected  to  deleterious  in- 
fluences or  to  growth  on  culture  media  very  slowly  decrease  in  viru- 
lence. Cultures  grown  at  temperatures  of  42°  C.  become  atten- 
uated more  quickly. 

Mixed  Infection. — In  regions  where  tuberculous  processes  are  on 
the  surface,  such  as  lung  and  skin  infections,  and  also  when  the  in- 
fection itself  is  multiple,  as  in  disease  of  the  glands  of  the  neck  from 
tonsillar  absorption,  the  tubercle  bacilli  are  usually  associated  with 
one  or  more  other  varieties  of  organisms.  Those  of  most  importance 
are  the  streptococcus,  pneumococcus,  and  influenza  bacillus.  Be- 
sides these  many  other  varieties  are  met  with  occasionally  in  individ- 
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ual  cases.  What  the  influence  of  this  secondary  or  mixed  infection 
is,  under  all  circumstances,  is  not  exactly  known ;  but  generally  the 
effect  is  an  unfavorable  one,  and  not  infrequently  after  a  time  the 
disease  takes  on  a  septicsemic  character.  For  the  technique  em- 
ployed in  examining  sputa  for  mixed  infection  see  page  341. 

Individual  Susceptibility. — It  is  believed  by  many  liat  in  demon- 
strating the  possibility  of  infection  in  pulmonary  tuberculosis  its  oc- 
currence is  sufficiently  explained;  but  they  leave  out  another  and 
most  important  factor  in  the  production  of  an  infectious  disease — in- 
dividual susceptibility.  That  this  susceptibility,  or  "  predisposi- 
tion," as  it  is  improperly  called,  may  be  either  inherited  or  acquired 
is  now  an  accepted  fact  in  medicine.  It  is  even  thought  that  the 
physical  signs  and  characters — the  pMhisicdL  habit — ^which  indi- 
cate this  susceptibility  can  be  externally  recognized.  At  first  the  in- 
herited susceptibility  was  considered  more  important  than  tlie  ac- 
quired, but  now  much  that  was  attributed  to  the  former  is  known  to 
be  explained  by  the  fact  of  living  in  an  infected  area.  The  acquired 
susceptibility  may  arise  from  faulty  physical  development  or  from 
depression,  sickness,  overwork,  excessive  use  of  alcohol,  etc.  Un- 
questionably, vast  differences  exist  in  different  individuals  in  the 
intensity  of  the  tuberculous  process  in  the  lung.  That  this  does  not 
depend  chiefly  upon  a  difference  in  virulence  of  the  infection  is  evi- 
dent, from  the  fact  that  individuals  contracting  tuberculosis  from  the 
same  source  are  attacked  with  different  severity,  and  that  there  is, 
as  a  rule,  no  great  difference  in  degrees  of  virulence  for  animals  in 
the  tubercle  bacilli  obtained  from  different  sources.  As  is  seen  from 
the  results  of  post-mortem  examinations  in  which,  according  to  the 
completeness  of  the  examinations,  the  remains  of  old  tuberculous 
processes  have  been  found  in  the  lungs  of  about  one-third  to  one-half 
of  all  the  bodies  examined,  many  cases  of  pulmonary  infection  must 
occur  without  showing  any  visible  evidence  of  disease,  and  heal  of 
their  own  accord.  The  possibility  of  favorably  influencing  in  many 
an  existing  tuberculosis  by  treatment  also  proves  that,  under  natural 
conditions,  there  is  a  varying  susceptibility  to  the  disease.  Clinical 
experience  teaches,  likewise,  that  good  hygienic  conditions,  pure  air, 
good  food,  freedom  from  care,  etc.,  increase  immunity  to  phthisis. 
Animal  experiments  have  shown  that  not  only  are  there  differences 
of  susceptibility  in  various  animal  species,  but  also  an  individual 
susceptibility  in  the  same  species.  The  doctrine  of  individual 
susceptibility,  therefore,  is  seen  to  be  founded  on  fact,  although  the 
reasons  for  it  are  only  partially  understood. 

Various  other  tuberculous  affections  which  are  natural  in  man 
have  been  produced  experimentally  in  animals,  as,  for  instance, 
tuberculosis  of  the  joints,  tuberculous  abscess,  etc. 

Immunization. — As  in  other  infectious  diseases,  many  attempts 
have  been  made  to  produce  an  artificial  immunity  against  tubercu- 
losis, but  so  far  the  results  have  been  only  fairly  satisfactory.  The 
flreat  majority  of  mankind  has  in  a  varying  degree  some  natural  im- 
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mtinity  against  tuberculosis.  In  many  individuals  this  immunity 
is  only  relative,  and  is  maintained  only  as  long  as  the  health  is  kept 
at  a  high  standard  or  the  exposure  to  infection  not  too  intense  or  pro- 
longed. An  unfavorable  environment,  the  occurrence  of  some  other 
infectious  disease,  overwork,  dissipation,  or,  in  fact,  anything  which 
tends  to  depreciate  the  nutrition  of  the  body,  is  apt  to  render  the  in- 
dividual, previously  immune,  susceptible  to  the  tubercle  bacillus. 

Acquired  immimity  against  many  bacterial  diseases  is  acquired 
within  a  few  days  or  weeks  after  the  development  of  infection.  This 
immimity  may  be  complete  or  slight  and  vary  greatly  in  its  duration. 
There  is  little  at  first  glance  in  the  clinical  history  of  tuberculosis 
which  shows  that  acquired  immunity  occurs  in  this  disease,  for  re- 
lapse is  the  rule,  and  one  attack  does  not  seem  to  aflFord  any  protection 
against  a  later  one.  For  this  reason  the  production  of  an  artificial 
immunity  against  tuberculosis  has  always  been  looked  upon  by  many 
as  a  result  possibly  never  to  be  achieved.  The  careful  study  of 
tuberculosis  seems,  however,  to  indicate  an  attempt  on  the  part  of 
nature  at  the  production  of  acquired  immimity  in  this  disease.  It 
is  known  that  from  30  to  60  per  cent  of  cadavers  show  the  healed 
lesions  of  tuberculosis.  The  small  proportion  of  those  which  pro- 
gressed to  serious  lesions  or  became  reinfected  indicates  a  degree  of 
acquired  immunity.  Artificial  immunity  is  an  attempt  to  imitate 
nature's  methods,  and  is  obtained  by  the  inoculation  of  a  modified 
living  culture  or  of  toxins  and  dead  bacteria.  The  injection  by  Koch 
of  the  heat-resistant  toxins,  as  in  his  original  tuberculin  treatment, 
produced  in  animals  a  certain  degree  of  acquired  resistance  to  larger 
doses  of  toxins,  but  did  not  protect  to  any  appreciable  degree  from 
subsequent  living  tubercle  bacilli,  or  produce  in  animals  an  antitoxic 
serum.  In  1892  Trudeau  succeeded  in  producing  in  rabbits  an  ap- 
preciable immunity  by  inoculations  of  living  avian  cultures.  The 
rabbits  so  treated  supported,  as  a  rule,  inoculation  of  virulent 
tubercle  bacilli  in  the  anterior  chamber  of  the  eye,  while  in  controls 
the  eyes  were  invariably  lost.  Later,  attenuated  human  cultures 
were  used  with  the  same  results.  De  Schweinitz,  McFadyan,  Beh- 
ring^  Calmette  and  Pearson  and  Gilliland  have  since  reported  success- 
ful results.  The  latter  two  treated  a  number  of  cows  by  giving  each 
of  them  seven  intravenous  injections  of  1  to  6  c.c.  of  an  emulsion  of 
tubercle  bacilli.  This  was  of  an  opacity  equal  to  a  twenty-four- 
hour  broth  culture  of  typhoid  bacilli.  They  report  from  their  in- 
vestigations^ that  the  treatment  had  the  effect  not  only  of  keeping  in 
check  the  progress  of  the  tuberculous  process,  but  of  causing  in  some 
cases  a  distinct  retrogression.  The  bacilli  remained  alive  in  the 
encapsulated  lesions.  Calmette  fed  calves  with  tubercle  bacilli  and 
found  that  a  very  small  amount  of  infectious  material  became  ar- 
rested in  the  intestinal  and  mesenteric  glands  and  resulted  in  im- 
munity, while  a  larger  amount,  though  arrested  for  a  time,  later 
passed  throu^  and  caused  a  general  and  fatal  infection.  Behring 
*  University  of  Pennsylvania  Medical  Bulletin,  April,  1905. 
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has  had  prepared  an  emulsion  of  attenuated  human  bacilli  to  use  in 
cattle.  This  should  be  used  in  cattle  within  a  month  of  its  prepa- 
ration since  the  bacilli  gradually  die  and  lessen  the  effect  of  the 
vaccination. 

The  work  already  done  is  believed  by  Trudeau  to  establish  the 
principle  that  the  most  successful  protective  inoculation  is  the  living 
germ  of  such  diminished  virulence  for  the  animal  experimented  upon 
as  to  produce  a  reaction  ending  in  healing  of  the  process  at  first  set 
up  by  it.  This  is  termed  by  Behring  isopathic  immunity.  After 
the  living  culture  the  best  results  have  been  obtained  with  the  un- 
heated  filtrate  of  bouillon  cultures  or  the  ground  up  protoplasm  of 
the  chemically  unaltered  bacilli. 

The  avian  and  bovine  bacilli  immimize  against  infection  from  hu- 
man bacilli  probably  nearly  as  well  as  the  attenuated  human  variety. 
This  is  strong  evidence  in  favor  of  the  genetic  unity  of  all  tuberde 
bacilli 

The  importance  of  time  in  the  production  of  artificial  immuniza- 
tion has  also  been  thoroughly  demonstrated.  It  seems  that  whatever 
degree  of  immunity  it  is  possible  to  produce  is  produced  only  very 
slowly.  Von  Behring  found  that  his  vaccinated  cows  which  received 
the  virulent  inoculation  before  three  months  had  passed  showed  little 
immunity  and  generally  died  of  the  infection,  while  after  three 
months  liey  resisted  a  fatal  dose  of  the  virus.  While  the  principle 
of  artificial  immimity  seems  to  be  fairly  well  established  by  animal 
experimentation,  it  must  be  admitted  that  the  laboratory  evidence 
which  bears  on  the  production  of  immunity  in  animals,  or  the  cure 
of  experimental  tuberculosis  by  tuberculin,  is  far  from  satisfactory. 
Even  Koch  has  failed  to  give  the  details  of  the  experiments  in  which 
he  claims  to  have  protected  guinea-pigs  against  infection  by  treatment 
with  his  two  immunizing  tuberculins,  T.  R.  and  B.  E.,  and  he  con- 
tents himself  with  simply  stating  that  this  can  be  done.  Behring, 
like  Koch,  claims  to  protect  guinea-pigs,  but  gives  no  facts. 

Trudeau  obtained  the  best  results  in  treating  animals  with  tuber- 
culin in  the  eye  tuberculosis  of  the  rabbit,  which  is  naturally  a 
chronic  and  almost  always  a  purely  localized  process.  Tuberculosis 
in  the  guinea-pig,  on  the  other  hand,  is  an  acute  progressive  infec- 
tion, and  experimental  and  clinical  evidence  are  in  perfect  accord  in 
demonstrating  that  against  the  acute  types  of  tuberculous  infection 
tuberculin  is  powerless,  whether  it  be  employed  in  man  or  animals. 

The  duration  of  artificial  immunity,  such  as  has  been  successfully 
produced  so  far  in  animals,  has  not  yet  been  ascertained,  but  the 
evidence  so  far  at  hand  points  to  the  fact  that  as  the  most  solid 
immunity  is  produced  by^  living  though  attenuated  cultures,  the 
immunity  which  lasts  the  longest  is  also  brought  about  in  this  way, 
the  antitoxic  immunity  produced  by  bacterial  products  being  of  much 
shorter  duration.  Until  the  period  of  immunity  has  been  estab- 
lished it  will  be  impossible  to  determine  the  practicability  of  im- 
munizing cattle  and  man. 
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Chemical  (Jonstituents  of  Tubercle  Bacilli. — ^The  bacilli  contain 
on  an  average  86  per  cent,  water.  The  dry  substance  consists  of 
material  soluble  in  alcohol  and  ether,  of  proteid  substance  extracted 
by  warm  alkaline  solutions,  and  of  carbohydrates  and  ash.  The  al- 
cohol-ether extract  equals  about  one-quarter  of  the  dry  substance  and 
consists  of  15  per  cent,  of  a  fatty  acid,  which  is  mostly  combined 
with  an  alcohol  to  make  a  wax.  No  glycerin  is  present  and,  there- 
fore, no  true  fat  It  is  on  the  presence  of  this  wax  that  the  staining 
characteristics  depend.  Other  substances  produce  abscess,  necrosis, 
and  cheesy  degeneration.  Lecithin  and  a  convulsive  poison  are  also 
present  in  the  extract 

The  substances  left  after  the  ether-alcohol  extraction  are  mostly 
proteid  substances.  A  nucleic  acid  which  contains  phosphorus  is 
present  which,  according  to  Behring,  is  the  specific  principle  of 
tuberculin. 

Diagnostic  or  ImmuniriTig  Substances  Prepared  from  Tubercle 

Bacilli  or  their  Cultures.— Tuberculin  Original  "  T.  0."  (Kodi's) 

This  tuberculin  contains  not  only  the  products  of  the  growth  of 
the  tubercle  bacilli  in  the  nutrient  bouillon  which  withstand  heat  as 
weU  as  substances  extoracted  from  the^l^ies  of  the  bacilli  them- 
selves, but  also  the  materials  contained  in  the  bouillon,  which  have 
remained  unaffected  by  the  activities  of  the  bacilli. 

This  tvierctdin  is  prepared  as  follows:  The  tubercle  bacillus  is 
cultivated  in  an  infusion  of  calf  s  flesh,  or  of  beef  flesh,  or  extract  to 
which  1  per  cent  of  peptone  and  3  to  5  per  cent  of  glycerin  have 
been  added,  the  culture  liquid  being  slightly  alkaline.  The  inocula- 
tion is  made  upon  the  surface  from  a  piece  of  very  thin  pellicle  from 
a  young  bouillon  culture,  or,  if  the  bouillon  culture  is  unobtainable, 
with  small  masses  from  a  culture  on  glycerin  agar.  These  masses, 
floating  on  the  surface,  give  rise  in  from  three  to  six  weeks,  accord- 
ing to  the  rapidity  with  which  the  culture  grows,  to  an  abundant  de- 
velopment and  to  the  formation  of  a  tolerably  thick  and  dry,  white 
crumpled  layer,  which  finally  covers  the  entire  surface.  At  the  end 
of  four  to  eight  weeks  development  ceases,  and  the  layer  after  a  time 
sinks  to  the  bottom.  Fully  developed  cultures,  after  having  been  tested 
lor  purity  by  a  microscopic  examination,  are  passed  into  a  suitable 
vessel  and  evaporated  to  one-tenth  of  their  original  bulk  over  a  water- 
bath  at  a  temperature  of  70°  to  80°  C.  The  liquid  is  then  filtered 
through  chemically  pure  filter  paper  and  finally  through  a  stone 
filter.  The  crude  tuberculin  thus  obtained  contains  30  to  50  per 
cent  of  glycerin,  albumoses,  traces  of  peptone,  extractives  and  inor- 
ganic salts.  The  true  nature  of  the  toxic  substances  is  not  known. 
It  keeps  well,  retaining  its  activity  indefinitely.  When  used  it  is 
diluted  with  one-fourth  per  cent,  carbolic  acid  solution.  This  diluted 
tuberculin  is  not  quite  stable  and  should  be  used  within  a  week's 
time.  It  is  considered  that  1  mg.  of  tuberculin  equals  one  ac  of  a 
1 :  1000  dilution. 
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Tuberculin  Precipitation  "T.  P." — ^A  quantity  of  old  (concen- 
trated) Koch's  tuberculin  is  poured  into  two  volumes  of  95  per  cent, 
alcohol,  allowed  to  settle,  and  filtered  per  paper.  The  sediment  is 
washed  with  70  per  cent  alcohol  until  the  filtrate  runs'  clear,  then 
pressed  between  layers  of  filter  paper  to  remove  excess  of  moisture, 
scraped  into  a  dish,  dried  in  vacuo  over  H2SO4  and  broken  up  in  a 
mortar.  For  the  Calmette  eye  test  solutions  of  the  powder  are  made 
in  sterile  normal  salt  solution  of  1^2  ^^d  1  per  cent  oy  weight,  boiled 
in  a  water  bath,  filtered,  diluted  as  required,  distributed  into  small 
tubes  containing  about  two  drops,  whidi  are  then  sealed  and  boiled 
for  ten  minutes. 

Bacillns  Emnlsion  or  New  Tuberculin  ''B.  £." — This  is  a  watery 
extract  of  the  soluble  portions  of  the  unaltered  tubercle  bacilli.  It 
is  made  by  Koch's  method  as  follows :  The  broth  culture  is  poured 
into  a  filter  and  the  broth  filtered  off.  The  bacilli  are  washed, 
pressed  between  absorbent  paper  and  dried  in  exsiccator.  They  are 
then  ground  in  a  mortar  until  no  formed  bacilli  are  found  on  stain- 
ing. The  powder  is  taken  up  in  0.8  per  cent  salt  solution  and  added 
to  5  per  cent  glycerin  water  so  that  1  mg.  of  powder  is  contained  in 
0.2  C.C  of  the  final  preparation.  Dilutions  are  made  in  0.5  per  cent 
carbolic  acid  in  0.8  salt  solution.  As  can  be  readily  seen,  in  a  prepa- 
ration thus  made,  contamination  is  difficult  to  avoid,  freedom  from 
intact  bacilli  is  uncertain.  This  preparation  is,  therefore,  usually 
subjected  to  heating  at  60°  C. 

Bouillon  Filtrate  Tuberculin. — This  is  the  unheated  filtrate  from 
bouillon  cultures  of  human  tubercle  bacilli.  Its  use  was  suggested 
by  Denys.  The  last  two  preparations  are  for  treatment  only. 
After  six  years  of  trial  the  results  obtained  from  the  use  of  the 
new  tuberculin  preparations  are  considered  superior  for  treatment  to 
those  obtained  from  the  older  product 

Many  other  tuberculins  have  been  proposed  during  the  past 
fifteen  years,  among  which  are  Hunter's  Modification  B.,  von 
Ruck's  Watery  Extract,  Landemann's  Tuberculol,  Denys'  Bouillon 
Filtrate,  Baraneck's  Tuberculins,  Spengler's  Bovine  B.  F.,  and 
Behring's  T.  C.  and  Tulasa,  which  he  claims  immunizes  cows 
as  well  as  the  living  bacilli,  but  the  value  of  which  has  not  yet 
been  put  to  a  practical  test  in  the  treatment  of  human  tuberculosis. 
These  tuberculins  are  all  vaccines,  they  are  all  made  from  either 
the  body  substance  of  the  germ  or  the  liquid  medium  in  whidi 
it  has  grown,  or  both,  and  their  aim  is  to  stimulate  the  defensive  re- 
sources of  the  system,  and  to  induce  antitoxic  and  antibacterial  im- 
munity. They  all  produce,  when  given  in  sufficient  dos«,  local 
reactions  in  tuberculous  foci,  and  the  well  known  but  little  under- 
stood phenomena  of  general  tuberculin  reaction. 

The  Use  of  Tuberculins  in  Treatment  and  Inununization. — 
Koch's  old  tuberculin,  which  was  at  first  principally  used,  has  of 
late  been  generally  discarded  for  preparations  which  have  not  been 
subjected  to  heat     The  two  most  used  are  B.  F.,  a  filtrate  of  human 
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cultures  of  recorded  virulence  to  which  a  quarter  of  1  per  cent,  car- 
bolic acid  has  been  added,  or  B.  E.,  which  is  an  emulsion  in  glycerin 
and  water  of  the  pulverized  bodies  of  the  virulent  tubercle  bacilli. 
With  the  B.  E.  habituation  takes  place  with  much  more  difficulty 
than  with  B.  F.,  and  occasionally  unexpected  and  sometimes  violent 
reactions  occur,  even  if  the  utmost  caution  in  increasing  the  dose  is 
exercised.  It  is  possible  that  having  obtained  a  certain  degree  of 
antitoxic  immunity  with  a  course  of  B.  F.,  a  secondary  course  in 
which  B.  E.  is  employed  might  prove  more  efficacious,  and  it  is  evi- 
dent we  have  much  yet  to  learn  about  the  production  of  the  tuber- 
culous vaccines  and  their  application  in  the  treatment  of  disease. 
Time  and  experience  alone  can  show  us  which  tuberculin  produces 
the  best  results. 

According  to  Koch,  the  substances  produced  in  the  body  by  the  old 
tuberculin  neutralize  the  tuberculous  toxins,  but  are  not  bacteri- 
cidaL  After  a  series  of  experiments  he  considered  the  difficulty  to 
be  due  to  the  nature  of  the  envelope  of  the  tubercle  bacillus,  which 
made  it  difficult  to  obtain  the  substance  of  the  bacilli  in  soluble  form 
without  so  altering  it  by  heat  or  chemicals  that  it  was  useless  to  pro- 
duce inununizing  substances.  He  conceived  that  immunity  was  not 
produced  in  man  for  somewhat  similar  reasons — possibly  the  bacilli 
never  giving  out  sufficient  toxin  to  cause  curative  substances  to  be 
produced.  He  therefore  decided  to  grind  up  the  washed  and  dried 
bacilli  and  soak  them  in  water,  and  3ius  obtain,  if  possible,  without 
the  addition  of  heat,  a  soluble  extract  of  the  body  substance  of  tiie 
bacilli,  which  he  hoped  would  be  immunizing.  He  also  tried  to 
eliminate  as  much  as  possible  of  the  toxic  products  which  produce 
fever.  Buchner  by  a  different  method,  through  crushing  under  a 
great  pressure  tubercle  bacilli  mixed  with  sand,  and  thus  squeezing 
out  their  protoplasm,  obtained  a  very  similar  substance  called  plas- 
mine. 

Trudeau  and  others  have  formulated  a  schedule  by  which  the 
initial  dose,  the  intervals  between  injections,  the  rate  of  progression, 
and  the  ultimate  dose  to  be  attained  are  distinctly  laid  down,  this 
schedule  to  be  literally  followed  so  long  as  the  patient  shows  no  evi- 
dence of  intolerance,  but  modified  at  once,  as  soon  as  he  does,  to  suit 
the  requirements  of  each  case.  Many  patients  can  be  carried  from 
beginning  to  end  of  the  treatment — a  period  which,  when  no  reac- 
tions occur,  usually  takes  about  eight  months — ^without  any  symp- 
toms which  call  for  any  departure  from  the  schedule  laid  down.  If 
this  were  always  so  the  treatment  would  be  simplicity  itself,  but  un- 
fortimately  in  the  majority  of  cases,  at  some  period  in  the  treatment, 
sometimes  at  the  very  beginning,  sometimes  at  the  middle,  and  some- 
times even  at  the  very  last  dose,  symptoms  of  intolerance  appear,  and 
it  IB  then  that  the  physician  requires  certain  definite  rules  to  guid6 
him  in  his  conduct  of  the  case. 

Experience  has  shown  that  it  is  essential  to  begin  treatment  with 
very  small  doses;  that  is,  for  afebrile  cases,  %oooo  milligram  of  fi]- 
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trate  B.  F.,  or  Koch's  B.  E.  (liquid  measure,  not  solid  substance),  or 
Kooo  milligram  of  old  tuberculin.  Denys  makes  use  of  eight  solu- 
tions in  giving  B.  F.  No.  1  contains  Koooo  milligram  to  each  cubic 
centimeter.  This  is  for  febrile  cases  only.  No.  2  contains  Mooo 
milligram  to  each  cubic  centimeter;  No.  3,  %oo;  No.  4,  Ho;  No.  5, 1 
milligram ;  No.  6,  10  milligrams ;  No.  7,  100  to  each  cc,  and  No.  8 
is  pure  filtrate.  Now  the  increase  in  using  these  solutions  is  always 
by  1  decigram  of  each  solution,  which  is  convenient  to  measure  and 
easy  to  remember.  As  10  decigrams,  or  1  cc.  of  each  solution  is 
reached,  the  next  solution,  which  is  ten  times  stronger  and  in  which 
1  decigram  represents  the  same  dose  as  1  cc.  of  the  preceding  solu- 
tion, is  taken  up  and  the  increase  is  again  by  0.1  of  the  new  solution 
imtil  1  cc.  is  given  when  the  next  solution  is  taken  up  in  the  same 
way  until  the  end  of  the  treatment  Thus  for  ten  doses  the  increase 
for  each  dose  is  by  Moooo  milligram  for  ten  doses ;  then  by  Kooo  for 
ten  doses;  then  by  Koo  for  ten  doses;  then  by  %o  for  ten  doses;  then 
by  1  milligram  for  10  doses ;  then  by  10  milligrams  for  10  doses ;  then 
by  100  milligrams,  until  1  cc  of  the  pure  fitrate  or  old  tuberculin 
is  reached.  The  increase  is  by  0.1  of  each  solution,  and  as  each 
solution  is  ten  times  stronger  than  the  preceding,  the  progression  in 
doses  is  ten  times  greater  at  the  end  of  every  ten  doses.  Certain 
details  of  the  treatment  may  be  gathered  from  the  appended  Charts 
I  and  II.  Approximately  the  same  plan  may  be  followed  in  giving 
Bacillen-emulsion,  provided  it  is  remembered  the  doses  referred  to 
in  the  above  schedule  are  liquid  measure  and  not  solid  substance. 

Dr.  Brown  has  found  that  at  the  Adirondack  Cottage  Sanitarium 
reactions  occur  more  frequently  at  the  second  or  third  injection  of  a 
new  solution.  This  is  not  to  be  wondered  at,  as  the  increase  in  dose 
is  ten  times  larger  when  a  new  solution  is  taken  up.  To  obviate  this, 
instead  of  increasing  0.1,  0.2,  0.3  and  so  on  to  10  decigrams,  the  in- 
crease may  be  0.1,  0.15,  0.2,  0.25,  0.3,  0.4,  0.6,  0.8,  0.10. 

The  intervals  between  the  injections  are  three  or  four  days ;  gen- 
erally two  injections  a  week ;  but  as  the  higher  doses,  such  as  10  mil- 
ligrams, are  reached,  the  intervals  may  be  five  days,  and  after  100 
milligrams  six  days,  while  the  last  three  or  four  doses  should  be  given 
a  week  or  ten  days  apart  Lowenstein  finds  that  for  Bacillen-emul- 
sion longer  intervals  are  necessary  between  the  doses,  especially  when 
the  large  amounts  are  reached. 

If  no  intolerance  is  manifested  the  treatment  will  require  six 
months;  but  in  the  majority  of  cases  when  any  reactions  occur  it 
should  be  extended  over  ten  months  or  a  year,  or  even  mudi  longer, 
if  necessary,  to  reach  full  doses.  It  is  a  mistake  to  try  to  shorten  the 
time  by  increasing  the  doses  too  rapidly,  or  decreasing  the  intervals. 
Whatever  degree  of  immunity,  antitoxic  or  otherwise,  is  produced 
by  the  treatment  is  produced  only  very  gradually,  and  besides  the 
risk  to  the  patient  which  is  always  involved  by  haste,  tiie  intolerance 
it  may  produce  takes  often  so  long  to  overcome  that  the  duration  of 
the  treatment  is  lengthened  rather  than  shortened  in  the  end. 
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Tolerance  to  tuberculin  is  an  excellent  prognostic  sign  and  it  bears 
a  certain  relation  to  the  condition  of  the  patient's  general  healtii ;  and 
the  more  this  improves  the  less  apt  is  he  to  develop  symptoms  of  pro- 
longed intolerance,  but  the  improvement  in  the  general  health  is 
necessarily  a  slow  process. 

How  does  intolerance  show  itself,  and  how  are  we  to  proceed  when 
it  does?  Tie  symptoms  of  intolerance  may  be  divided  into  three 
groups :  those  of  a  general  fever  reaction,  those  which  indicate  local 
reaction,  both  at  the  site  of  disease  and  also  the  site  of  injection,  and 
those  which  point  to  general  constitutional  disturbance,  as  mani- 
fested by  malaise,  headache,  sleeplessness,  wandering  pains,  anorexia, 
nausea,  and  loss  of  weight  and  strength. 

The  fever  reactions  are  of  two  kinds :  the  short  and  the  prolonged 
reaction.  The  short  reaction  is  identical  with  that  produced  by  the 
tuberculin  test,  and  shows  the  classical  fall  and  rise  of  temperature 
all  ending  in  forty-eight  hours ;  the  prolonged  reaction  begins  gener- 
ally more  gradually;  the  symptoms  are  mild;  the  fever  rises  less 
high  but  maintains  itself,  with  a  morning  remission,  above  the  pa- 
tient's normal  temperature  range  for  several  days,  generally  not  more 
than  a  week. 

Local  reaction  at  the  site  of  the  lesion  is  a  valuable  guide  to 
dosage;  increased  cough  and  expectoration,  pleuritic  pains,  aggra- 
vation of  the  physical  signs,  hoarseness  and  aphonia  if  the  larynx  is 
involved  and  pain  if  a  joint,  all  point  to  local  reaction,  and  are  all 
indications  for  caution  in  increasing  the  dosage. 

Local  reaction  at  the  site  of  injection  shows  itself  by  more  or  less 
extensive  redness,  oedema  and  pain  at  the  site  of  the  injection ;  when 
sli^t)  it  may  be  disregarded,  as  it  is  somewhat  influenced  by  the 
manner  of  injection  or  other  causes ;  but  if  marked,  it  indicates  com- 
mencing intolerance  and  should  be  considered  in  connection  with  the 
patient's  other  symptoms  before  increasing  the  dose. 

Most  important,  and  most  often  disregarded  because  no  rise  in 
temperature  may  be  present,  is  the  group  of  symptoms  which  point 
to  constitutional  impairment  resulting  from  overdosage.  They  are 
all  the  symptoms  that  chronic  toxemia  might  be  expected  to  produce, 
and  all  point  to  the  supposition  that  the  patient  cannot  respond  by 
the  formation  of  antitoxins  and  antibodies  to  the  increasing  doses  of 
toxin  which  he  is  receiving.  Even  if  no  fever  above  the  usual  range 
be  present,  the  patient  who  has  been  improving,  and  whose  general 
condition  has  been  satisfactory,  may  show  marked  arrest  in  his 
improvement;  if  the  injections  are  persisted  in  and  the  dose  steadily 
increased,  he  will  complain  of  malaise,  exhaustion,  headache,  sleep- 
lessness, wandering  pains,  anorexia,  nausea,  and  loss  of  weight  If 
these  symptoms  are  disregarded,  the  injections  continued,  and  the 
dose  heedlessly  increased,  in  time  the  patient's  disease  may  take  on 
an  acute  form.  When  intolerance  manifests  itself,  whether  by  gen- 
eral fever  reactions,  by  evidence  of  local  reactions,  or  by  some  of 
the  symptoms  of  constitutional  impairment,  the  rule  is  never  to  in- 
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ject  while  any  of  these  symptoms  are  still  present,  but  to  wait  until 
the  temperature  has  returned  to  its  usual  height,  until  the  cough  and 
increased  expectoration  have  lessened,  and  all  evidence  of  constitu- 
tional impairment,  such  as  anorexia,  malaise,  debility,  etc.,  have  dis- 
appeared. Indeed  all  evidences  of  intolerance  must  have  been  ab- 
sent for  at  least  two  days  before  the  injections  are  again  taken  up. 

We  have  learned  that  "  "No  reaction,  no  cure,"  has  been  a  most 
misleading  axiom,  for  we  can  have  tuberculin  immunity  without 
reactions,  and  many  reactions  without  any  tuberculin  immunity. 
Strong  and  frequent  reactions  are  harmful,  while  patients  who  go 
through  the  entire  treatment  without  appreciable  fever  reactions 
derive  all  the  benefit  that  could  be  expected  from  the  treatment. 

Trudeau  has  formed  his  favorable  impression  of  the  influence  of 
tuberculin  by  noticing  how  rarely  the  disease  seemed  to  progress  by 
the  usual  exacerbations  and  relapses  in  patients  who  were  tolerating 
progressively  increasing  doses  of  tuberculin  well,  and  in  watching 
chronic  cases  who  were  running  a  slow  but  steadily  downward  course, 
in  spite  of  the  climatic  and  open-air  treatment,  derive  marked  bene- 
fit and  even  gradually  return  to  apparent  health  after  a  full  course 
of  injections. 

That  tuberculin  is  not  the  vaunted  and  long-looked  for  specific  it 
was  at  first  thought  to  be  has  been  amply  demonstrated  by  the  bitter 
experience  of  the  past  We  have  much  to  learn  about  tuberculosis, 
but  even  at  the  present  state  of  our  knowledge  it  seems  established 
that  the  production  of  tuberculin  immunity  by  the  mild  clinical 
method  is  capable  of  favorably  influencing  the  course  of  subacute 
and  chronic  tuberculosis,  of  prolonging  life,  and  in  many  cases  of 
aborting  a  commencing  infection. 

As  to  the  type  of  cases  suitable  for  tuberculin  treatment,  Denys 
and  some  of  the  Germans  claim  that  even  in  acute  cases  good  results 
may  be  occasionally  expected  by  a  careful  course  of  injections. 

Diagnostic  Use  of  Tuberculin. — The  chief  use  to  whidi  Koch^s 
original  tuberculin  has  been  put  is  as  an  aid  to  diagnosis  in  human 
beings  and  cattle,  and  for  this  purpose  it  has  proved  to  be  of  inesti- 
mable value.  N^umerous  experiments  made  by  veterinary  surgeons 
show  that  the  injection  of  tuberculin  in  tuberculous  cows  in  doses  of 
25  to  50  centigrams  produces  in  at  least  95  per  cent,  a  rise  of  temper- 
ature of  from  l^'toS'^C.  (2°to5°F.).  The  febrile  reaction  occurs 
in  from  twelve  to  fifteen  hours  after  the  injection.  Its  intensity  and 
duration  do  not  entirely  depend  upon  the  extent  of  the  tuberculous 
lesions,  being  even  more  marked  when  these  are  slight  than  in  ad- 
vanced cases.  In  non-tuberculous  animals  no  reaction  occurs,  or  one 
much  less  than  in  tuberculous  animals,  and  the  results  obtained  on 
autopsy  justify  the  suspicion  that  tuberculosis  exists  if  an  elevation 
of  temperature  of  a  degree  or  more  centigrade  occurs  and  remains 
for  ten  hours  frem  the  subcutaneous  injection  of  the  dose  mentioned. 
It  must  always  be  remembered  that  cattle  may  have  a  rise  of  tempera- 
ture from  other  conditions,  and  it  is  only  when  due  to  tuberculin 
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that  infection  is  proved.  When  properly  carried  out  an  error  of 
more  than  5  per  cent,  is  impossible.  For  these  injections  the  orig- 
inal tuberculin  is  used,  which  for  the  convenience  of  administration 
is  diluted  with  water. 

United  States  Ooveminent  Directions  for  Inspecting  Herds  for 
Tuberculosis. — "  Inspections  should  be  carried  on  while  the  herd  is 
stabled.  If  it  is  necessary  to  stable  animals  under  unusual  condi- 
tions or  among  surroundings  that  make  them  uneasy  and  excited, 
the  tuberculin  test  should  be  postponed  until  the  cattle  have  become 
accustomed  to  the  conditions  they  are  subjected  to,  and  then  begin 
with  a  careful  physical  examination  of  each  animal.  This  is  essen- 
tial, because  in  some  severe  cases  of  tuberculosis,  on  account  of  satu- 
ration with  toxins,  no  reaction  follows  the  injection  of  tuberculin, 
but  experience  has  shown  that  these  cases  can  be  discovered  by  physi- 
cal examination.  This  should  include  a  careful  examination  of  the 
udder  and  of  the  superficial  lymphatic  glands,  and  auscultation  of 
the  lungs. 

"  Each  animal  should  be  numbered  or  described  in  such  a  way  that 
it  can  be  recognized  without  difficulty.  It  is  well  to  number  the  stalls 
with  chalk  and  transfer  these  numbers  to  the  temperature-sheet,  so 
that  the  temperature  of  each  animal  can  be  recorded  in  its  appro- 
priate place  without  danger  of  confusion.  The  following  procedure 
has  been  used  extensively  and  has  given  excellent  results : 

"(a)  Take  the  temperature  of  each  animal  to  be  tested  at  least 
twice,  at  intervals  of  three  hours,  before  tuberculin  is  injected. 

"(6)  Inject  the  tuberculin  in  the  evening,  preferably  between  the 
hours  of  six  an4  nine.  The  injection  should  be  made  with  a  care- 
fully sterilized  hypodermic  syringe.  The  most  convenient  point  for 
injection  is  back  of  the  left  scapula.  Prior  to  the  injection  the  skin 
should  be  washed  carefully  with  a  5  per  cent,  solution  of  carbolic 
acid  or  other  antiseptic. 

"(c)  The  temperature  should  be  taken  nine  hours  after  the 
injection,  and  temperature  measurements  repeated  at  regular 
intervals  of  two  or  three  hours  imtil  the  sixteenth  hour  after  the 
injection. 

"(d)  When  there  is  no  elevation  of  temperature  at  this  time  (six- 
teen hours  after  the  injection)  the  examination  may  be  discontinued ; 
but  if  the  temperature  shows  an  upward  tendency,  measurements 
must  be  continued  until  a  distinct  reaction  is  recognized  or  until  the 
temperature  begins  to  fall. 

"(e)  If  a  reaction  is  detected  prior  to  the  sixteenth  hour,  the 
measurements  of  temperature  should  be  continued  until  the  expira- 
tion of  this  period. 

"(/)  If  there  is  an  unusual  change  of  temperature  of  the  stable,  or 
a  sudden  change  in  the  weather,  this  fact  should  be  recorded  on  the 
report  blank. 

"(7)  If  a  cow  is  in  a  febrile  condition  tuberculin  should  not  be 
used,  because  it  would  be  impossible  to  determine  whether,  if  a  rise 
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of  temperature  occurred,  it  was  due  to  the  tuberculin  or  to  some 
transitory  illness. 

"(A^)  Cows  should  not  be  tested  within  a  few  days  before  or  after 
calving,  for  experience  has  shown  that  the  result  at  these  times  may 
be  misleading. 

"(i)  The  tuberculin  test  is  not  recommended  for  calves  under 
three  months  old. 

"(;)  In  old,  emaciated  animals  and  in  re-tests,  use  twice  the  usual 
dose  of  tuberculin,  for  these  animals  are  less  sensitive 

"(fc)  Condemned  cattle  must  be  removed  from  the  herd  and  kept 
away  from  those  that  are  healthy. 

"  (I)  In  making  post-mortems  the  carcasses  should  be  thoroughly 
inspected,  and  all  the  organs  should  be  examined." 

Diagnostic  Use  of  Tuberculins  in  Man. — At  first  some  believed 
that  the  irritation  aroused  in  the  tuberculous  foci  by  the  tuberculin 
sometimes  caused  a  dissemination  of  the  bacilli  and  an  increase  in 
the  disease.  When  carefully  used,  however,  in  suitable  cases  there 
is  probably  no  danger.  A  drawback  to  its  usefulness  is  that  it  does 
not  reveal  the  extent  of  the  disease,  nor  whether  the  tuberculosis  is 
active.  It  is,  however,  of  great  value  in  selected  cases,  both  surgical 
and  medical,  where  slight  tuberculosis  is  suspected,  and  yet  no  de- 
cision can  be  reached.  In  the  small  first  dose  advised  an  absolutely 
latent  infection  would  usually  give  no  rise  of  temperature.  I  quote 
here  Dr.  Trudeau  upon  the  use  of  the  test : 

"  The  range  of  the  patient's  temperature  is  ascertained  by  taking 
it  at  8  A.M.,  3  P.M.,  and  8  p.m.  for  three  or  four  days  before  mak- 
ing the  test.  The  first  injection  should  not  exceed.  0.5  mg.,  and  if 
any  fever  is  habitually  present  should  be  even  less,  and  is  best  given 
early  in  the  morning  or  late  at  night,  as  the  typical  reaction  usually 
begins,  in  my  experience,  within  six  or  twelve  hours.  Such  a  small 
dose,  while  it  will  often  be  sufiicient  to  produce  the  looked-for  rise  of 
temperature,  has,  under  my  observation,  never  produced  unpleasant 
or  violent  symptoms.  An  interval  of  two  or  three  days  should  be 
allowed  between  each  of  the  two  or  three  subsequent  injections  it 
may  be  necessary  to  give,  as  reaction  in  very  rare  cases  may  be  de- 
layed for  twenty-four  or  even  thirtv-six  hours.  On  the  third  day  a 
second  dose  of  1  mg.  is  given,  and  if  no  effect  is  produced  a  third,  of 
2  mg.,  three  days  later.  In  the  great  majority  of  cases  of  latent 
tuberculosis  an  appreciable  reaction  will  be  produced  by  the  time  a 
dose  of  2  mg.  has  been  renched.  If  no  effect  has  been  caused  by  the 
tests  applied  as  above  I  have  usually  gone  no  farther,  and  concluded 
thnt  no  tuberculous  process  was  present,  or  at  least  not  to  a  desree 
which  need  be  taken  into  account  in  advising  the  patient,  or  which 
would  warrant  insisting  on  a  radical  change  in  his  surroundings  and 
mode  of  life.  If  some  slight  symptoms,  however,  have  been  pro- 
duced by  a  dose  of  2  mg.,  it  may  be  necessary  to  give  a  fourth  injec- 
tion of  3  mg.  in  order  to  reach  a  positive  conclusion.  Nevertheless, 
it  should  be  borne  in  mind  that  in  a  few  cases  the  exhibition  of  even 
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larger  doses  may  cause  reaction,  when  the  smaller  do  not,  and  indicate 
the  existence  of  some  slight  latent  tuberculous  lesion,  and  the  nega- 
tive result  should  not,  when  applied  within  the  moderate  doses  de- 
scribed, be  considered  absolutely  infallible. 

"  No  evidence  in  connection  with  the  tuberculin  test  as  applied  to 
man  and  animals  has  been  forthcoming  thus  far  from  those  who  have 
made  use  of  it,  which  would  tend  to  sustain  the  general  impression 
that  this  method  is  necessarily  dangerous  and  tends  invariably  to  ag- 
gi'avate  the  disease,  and  my  own  experience  has  developed  nothing 
which  would  seem  to  confirm  this  impression.  It  is  evident  that  the 
size  of  the  doses  given  has  much  to  do  with  the  limitations  of  this 
method  for  usefulness,  and  the  correctness  of  the  conclusions  reached 
by  its  application.  The  tuberculin  used  is  also  a  matter  of  some  im- 
portance in  determining  the  dosage,  as  different  samples  vary  con- 
siderably in  their  efficiency.  If  the  test  be  pushed  to  the  injection 
of  such  large  amounts  as  10  mg.  or  more,  as  advocated  by  Maragli- 
ano,  such  doses  are  by  no  means  free  from  the  objection  of  occasion- 
ally causing  unpleasant  and  sometimes  dangerous  symptoms;  and 
even  if  the  amount  given  be  not  carried  to  the  dose  of  10  mg.,  which 
is  known  to  produce  fever  in  healthy  subjects,  it  is  likely  that  on  ac- 
count of  individual  susceptibility  or  the  presence  of  some  other 
morbid  process  in  the  body,  reaction  will  be  found  to  occur  with 
the  larger  doses  when  no  tuberculous  process  exists.  The  adoption 
of  an  initial  dose  so  small  as  to  guard  against  the  absolute  possibility 
of  producing  violent  reactionary  symptoms,  and  the  graded  increase 
of  the  subsequent  doses  within  such  quantities  as  are  known  never  to 
produce  reaction  in  healthy  individuals,  would  seem  to  afford  the  best 
protection  against  unpleasant  results  and  misleading  evidence." 

Von  Pirquet's  Ontaneous  Tuberculin  Test. — This  is  carried  out  by 
placing  a  drop  of  a  10  or  a  25  per  cent  solution  of  tuberculin  upon 
the  skin  of  the  forearm  and  then  with  a  needle  or  instrument  making 
through  it  a  slight  abrasion  without  drawing  blood,  as  in  vaccination. 
The  skin  is  abraded  at  another  point  without  the  tuberculin  as  a  con- 
trol. Within  12^24  hours  a  papule  with  a  surrounding  congested 
area  forms  about  the  inoculated  point  much  as  appears  after  the  use 
of  cowpox  vaccine  in  a  previously  vaccinated  person.  Sometimes  one 
spot  is  tested  with  the  10  per  cent  solution  and  a  second  with  the 
25  per  cent  A  reaction  with  the  weaker  solution  is  believed  to  indi- 
cate some  activity  in  the  process  while  the  stronger  may  give  a  re- 
action in  a  healed  lesion. 

Directions  for  the  Ophthalmo-tuberculin  Diagnostic  Test Method 

of  Application. — Two  solutions  in  two  strengths  are  employed  in  diag- 
nosis, one  of  the  alcohol  precipitate  in  0.5  per  cent,  and  1  per  cent 
and  the  other  of  1  and  2  per  cent  of  tuberculin  (T.  O.).  The  weaker 
and  stronger  may  be  used  successively  in  each  eye  if  time  permits. 
In  this  way  unnecessarily  severe  reactions  may  be  avoided. 

The  eyelid  should  be  held  down  until  the  drop  is  distributed 
about  the  sac  without  overflowing  on   the  chedf.     The  same  eye 
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should  not  be  used  for  a  second  test  as  it  usually  becomes  sen- 
sitized to  some  degree  by  one  test  The  tested  eye  should  be  kept 
from  external  irritation  by  rubbing,  wind,  dust,  and  smoke. 

Beactions. — The  first  symptoms  of  a  reaction  appear  in  from  3  to 
12  hours  in  most  cases  but  may  be  delayed  24  and  even  48  hours,  and 
contintfe  for  a  week.  The  presence  of  a  reaction  is  indicated  by  a 
scratchy  feeling,  secretion  and  redness  of  the  inner  canthus,  caruncle 
or  lower  lid  which  may  increase  and  include  the  entire  conjunctiva 
with  edema  of  lids. 

Schema  for  Recording  Reactions. — The  following  schema  is  proposed 
for  recording  the  degree  of  reaction. 

Negative:  No  difference  in  color  when  lower  eyelids  are  pulled 
down. 

Doubtful:    Slight  difference  with  redness  of  caruncle. 
+  =     Distinct  palpebral  redness  with  secretion. 
+  +==     Ocular   and   palpebral   redness  with   secretion  well 
marked. 
+  +  +=     Deep  injection  of  entire  conjunctiva  with  edema  of 

lids  and  photophobia,  and  secretion. 
Gontraindications. — ^Any  existing  disease  of  either  eye  or  lids. 
Interpretation  of  Reaction. — ^About  80  per  cent  of  latent  or  active 
tuberculosis  react  and  about  forty  per  cent  of  very  advanced  cases. 
Persons  very  ill  from  other  diseases  frequently  do  not  react     Tuber 
culosis  so  slight  that  it  is  impossible  to  detect  it  during  life  may  give 
a  good  reaction.     A  negative  result  in  a  person  in  fair  general  health 
indicates  strongly  that  no  tuberculosis  is  present     The  location  of 
the  tuberculosis  is  of  course  not  revealed  by  the  test 

Deleterions  Effects. — Our  personal  experience  accords  with  that  pub- 
lished by  others  that  about  once  in  every  three  hundred  tests  a  serious 
conjunctivitis,  keratitis  or  iritis  results.  In  only  one  case  do  we 
know  of  serious  permanent  injury  when  both  eyes  appeared  normal 
before  the  test  was  performed. 

Antitubercnlous  Serum. — ^Whether  serum  therapy  is  destined  to 
solve  the  problem  of  the  treatment  of  tuberculosis  remains  for  the 
future  to  decide,  but  up  to  the  present  the  results  obtained  with  anti- 
tuberculous  serum  do  not  warrant  our  forming  such  an  opinion. 
Every  conceivable  way  of  obtaining  the  true  products  of  the  tubercle 
bacilli  has  been  tried,  so  as  to  cause  the  injected  animals  to  produce 
antibodies  both  antitoxic  and  bactericidal.  At  present  Maragliano 
and  Marmorek  are  presenting  claims  that  their  sera  are  tnily  cura- 
tive. Although  both  these  men  have  had  a  large  experience  in  this 
field  of  investigation,  it  is  probable  that  the  final  judgment  will  be 
that  little  good  comes  from  the  injection  of  their  serum.  Very  few 
observers  have  succeeded  in  obtaining  appreciable  results  with  the 
serums  prepared  by  other  experimenters.  In  spite  of  much  con- 
flicting testimony,  it  is  probably  safe  to  assert  that  no  sera  now  ob- 
tainable have  any  great  value.  Nor  as  we  look  at  the  progressive 
nature  of  tuberculosis  can  we  see  much  ground  to  hope  for  the 
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abundant  development  of  curative  substances  in  the  blood  of  animals. 
This  view,  however,  in  no  way  lessens  the  necessity  of  continued  en- 
deavor until  every  method  conceivable  has  been  tried. 

Prophylaxis. — Meanwhile  all  energies  should  be  directed  to  the 
prevention  of  tuberculosis,  not  only  by  the  enforcement  of  proper 
sanitary  regulations  as  regards  the  care  of  sputum,  milk,  meat,  dis- 
infection, etc.,  but  also  by  continued  experimental  work  and  by  the 
establishment  of  free  consumptive  hospitals,  and  by  efforts  to  im- 
prove the  character  of  the  food,  dwellings,  and  condition  of  the  peo- 
ple in  general,  we  should  endeavor  to  build  up  the  individual  resist- 
ance to  the  disease.  It  may  be  years  yet  before  the  piiblic  are 
sufficiently  educated  to  co-operate  with  the  sanitary  authorities  in 
adopting  the  necessary  hygienic  measures  to  stamp  out  tuberculosis 
entirely;  but,  judging  from  the  results  which  have  already  been 
obtained  in  reducing  the  mortality  from  this  dread  disease,  we  have 
reason  to  believe  that  in  time  it  can  be  completely  controlled. 

Among  the  numerous  medical  agents  that  have  been  tried  without 
avail  to  protect  animals  against  ihe  action  of  the  tubercle  bacillus 
may  be  mentioned  tannin,  menthol,  sulphuretted  hydrogen,  mercuric 
chloride,  creosote,  creolin,  phenol,  arsenic,  eucalyptol,  etc. 

Agglutination. — The  results  obtained  by  various  observers  have 
been  very  conflicting.  Two  methods  are  employed  in  making  the 
test  In  one  a  vigorous' growth  of  bacilli  is  dried,  ground  up  and  an 
emulsion  made.  In  the  other  Arloing  and  Courmont  grow  the  cul- 
ture for  a  time  on  potato  and  then  in  bouillon.  In  this  way  a  homo- 
geneous culture  of  separate  bacilli  is  obtained  which  can  be  used  for 
agglutination.  The  examination  is  usually  made  macroscopically, 
and  requires  twelve  to  "  twenty-four  hours.  At  present  the  test 
cannot  be  advised  as  useful  in  diagnosis  as  the  sera  of  cases  suf- 
fering from  tuberculosis  frequently  fail  to  give  a  reaction,  while 
the  sera  from  those  having  no  detectable  tuberculosis  frequently  cause 
a  good  reaction.  A  positive  agglutination  test  is  thought  by  some 
to  be  a  favorable  sign  as  indicating  resistance  to  infection  by  the 
IxkIv. 

The  Tubercle  Bacillus  of  Cattle,  Pigs  and  Sheep  and  its  Relation 
to  Human  Tuberculosis. — Among  the  domestic  animals  tuberculosis 
is  most  common  in  cattle.  On  account  of  the  milk  which  they  pro- 
vide for  our  use,  and  which  is  liable  to  contain  bacilli,  the  relation  of 
these  to  human  tuberculosis  is  a  matter  of  extreme  importance. 

The  chief  seat  of  the  lesions  is  apt  to  be  the  lungs,  and  with  them 
the  pleura;  less  often  the  abdominal  organs  and  the  udder  are  af- 
fected. In  pigs  and  horses  the  abdominal  organs  are  most  often 
involved,  then  the  lungs  and  lymphatic  glands.  In  sheep  and  goats 
tuberculosis  is  rare.  The  bovine  bacillus,  as  the  most  important  of 
the  group,  will  be  alone  considered  here. 

The  bacilli  derived  from  cattle  are  on  the  average  a  little  shorter 
and  straighter  than  the  average  human  bacillus.  In  guinea-pigs,  and 
23 


338  PATHOGENIC  MICB0-0BGANI8MS. 

especially  in  rabbits,  the  bovine  bacilli  are  more  virulent  than  the 
majority  of  those  from  human  sources.  Animals  infected  with  the 
bacilli  from  cattle,  as  well  as  those  from  the  other  domestic  animals, 
react  to  the  tuberculin  test,  All  these  bacilli  are,  therefore,  undoubt- 
edly from  the  same  original  stock. 

Further,  we  have  the  undoubted  fact  that  the  long  sojourn  of  bac- 
teria in  one  species  of  animals  tends  to  increase  the  virulence  of  the 
germ  for  that  animal  and  to  lessen  it  for  others. 

Theobald  Smith  has  made  the  interesting  discovery  that  there  is 
a  wide  difference  between  the  culture  growth  of  the  average  bovine 
bacillus  and  the  average  one  from  human  sources ;  the  bovine  bacilli 
when  grown  in  glycerin  broth  causes  the  broth  to  become  less  and 
less  acid  and  finally  feebly  alkaline  to  phenolphthalein,  while  the 
human  types  cause  it  to  become  only  a  little  less  acid,  but  never  alka- 
line. In  ordinary  peptone  bouillon  the  reaction  cure  is  the  same  for 
both.  The  broth  becomes  alkaline.  Tuberculin  made  from  bovine 
cultures  is  alkaline  while  that  made  from  human  cultures  is  mark- 
edly acid.  Both  cultures  act  upon  the  glycerin,  but  in  different 
ways.  He  had  previously  noted  that  the  bovine  bacilli  in  cultures 
were  shorter  and  straighter,  and  grew  less  luxuriantly  than  those 
from  man,  and,  further,  that  the  bovine  bacilli  were  much  more  viru- 
lent for  rabbits.  He  has  found  these  differences  persist  for  long 
periods,  and  believes  that  the  simple  passage  through  a  single  per- 
son in  a  case  of  human  tuberculosis  would  not  be  sufficient  to  change 
these  characteristics.  He  has  had  a  chance  to  examine  the  bacilli 
of  two  cases  in  young  children  which  were  of  the  bovine  type,  but  in 
adults  not  one  of  some  half  a  dozen  cultures  showed  the  bovine  char- 
acteristics. The  proof  that  Theobald  Smith  gathered,  which  proved 
the  difference  between  the  bovine  and  human  bacilli,  has  enabled 
him  and  others  to  prove  conclusively,  as  already  noted,  that  a  con- 
siderable proportion  of  children  suffering  from  intestinal  or  mesen- 
teric tuberculosis  are  really  infected  with  bovine  bacilli.  These 
bacilli  are  capable  of  infecting  cattle. 

Bird  (Avian)  Tubercidosis. — ^Tuberculosis  is  very  common  and  in- 
fectious among  fowls.  The  bacilli  themselves  grow  more  readily  on 
artificial  culture  media  and  produce  a  more  even  and  moist  growth. 
They  are  able  to  develop  at  a  temperature  of  43.5°  C,  which  is  above 
that  at  which  the  human  and  bovine  types  can  usually  grow.  The 
bacilli  are  more  apt  to  show  branching  forms  than  the  human.  In 
rabbits  they  produce  very  similar  lesions,  but  guinea-pigs  are  much 
less  susceptible.  Birds  are  much  less  susceptible  to  bacilli  from  hu- 
man or  bovine  sources  than  those  from  birds.  Nocard  states  that 
bacilli  from  human  sources  placed  in  collodion  sacs  and  inserted  into 
tlie  peritoneal  cavity  of  birds  gradually  acquire  avian  characteris- 
tics, so  that  after  eighteen  montiis  they  can  readily  infect  fowls  and 
approach  the  avian  cultural  ty])e.  This  suggests  that  bovine  bacilli 
remaining  in  man  for  years  might  acquire  human-type  character- 
istics.    They  are  imdoubtedly  from  the  same  stock  as  the  mammal- 
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ian  varieties,  but  have  beoame  modified ;  it  is  not  believed  that  they 
are  any  factor  in  the  production  of  human  tuberculosis. 

Tnberculosifl  in  Fish. — In  certain  species  of  fish  a  tuberculous 
disease  has  been  noted.  The  bacilli  have  the  staining  characteristics 
of  the  warm-blood  types,  but  do  not  grow  at  body  temperature  and 
do  not  affect  mammals. 

Methods  of  Examination  for  Tubercle  Bacilli  and  Other  Associated 
Bacteria. — One  of  the  most  important  results  of  the  discovery  of  the 
tubercle  bacillus  relates  to  the  practical  diagnosis  of  tuberculosis. 
The  staining  peculiarities  of  this  bacillus  renders  it  possible  by  the 
bacteriological  examination  of  microscopic  preparations  to  make  an 
almost  absolutely  positive  diagnosis  in  the  majority  of  cases.  A  still 
more  certain  test  in  doubtful  cases  is  the  subcutaneous  or  intraperi- 
toneal injection  of  gimiea-pigs,  which  permits  of  the  determination 
of  the  presence  of  numbers  of  bacilli,  so  small  as  to  escape  detection 
by  microscopic  examination.  For  the  animal  test,  however,  time 
is  required — at  least  three  weeks,  and,  when  the  result  is  negative, 
at  least  six  weeks — before  any  positive  conclusion  can  be  reached, 
for  when  only  a  few  bacilli  are  present  tuberculosis  develops  slowly 
in  animals. 

Microscopic  Examination  of  Sputum  for  the  Presence  of  Tubercle 
Bacilli.  1.  Collection  of  Material. — The  sputum  should  be  collected  in 
a  clean  bottle  (two  ounce)  with  a  wide  mouth  and  a  water-tight 
stopper,  and  the  bottle  labelled  with  the  name  of  the  patient  or  with 
some  other  distinguishing  mark.  The  expectoration  discharged  in 
the  morning  is  to  be  preferred,  especially  in  recent  cases,  and  the 
material  should  be  coughed  up  from  the  lungs.  Care  should  be  taken 
that  the  contents  of  the  stomach,  nasopharyngeal  mucus,  etc,  are  not 
discharged  during  the  act  of  expectoration  and  collected  instead  of 
pulmonary  sputum.  If  the  expectoration  be  scanty  the  entire 
amount  discharged  in  twenty-four  hours  should  be  collected.  In 
pulmonary  tuberculosis  the  purulent,  cheesy,  and  mucopurulent  spu- 
tum usually  contains  bacilli ;  while  pure  mucus^  blood,  and  saliva,  as 
a  rule,  do  not.  When  hemorrhage  has  occurred,  if  possible,  some 
purulent,  cheesy,  or  mucopurulent  sputum  should  be  collected  for 
examination.  The  sputum  should  not  be  kept  any  longer  than  neces- 
sary before  examination,  for,  though  a  slight  delay  or  even  till  putre- 
faction begins,  does  not  vitiate  the  result  so  far  as  the  examination 
for  tubercle  bacilli  is  concerned,  it  almost  destroys  any  proper  inves- 
tigation of  the  mixed  infection  present;  it  is  best,  therefore,  to  ex- 
amine it  in  as  fresh  a  condition  as  possible,  and  it  should  be  kept 
on  ice  until  examined  if  cultures  are  to  be  made. 

2.  Methods  of  Ezamuiation. — Examination  for  Tubercle  Bacilli. — 
Pour  the  specimen  into  a  clean,  shallow  vessel,  having  a  blackened 
bottom — a  Petri  dish  placed  upon  a  sheet  of  dull  black  paper  answers 
the  purpose — and  select  from  the  sputum  some  of  the  true  expectora- 
tion, containing,  if  possible,  one  of  the  small  white  or  yellowish-white 
dieesy  masses  or  "  balls  "  which  it  contains.     From  this  make  rather 
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thick  cover-^lass  or  slide  "  smears  "  in  the  usual  way.  In  doubtful 
cases  a  number  of  these  coarse  or  fine  particles  should  be  placed  on 
the  slide.  The  material  being  thick,  should  be  evenly  spread  and 
very  thoroughly  dried  in  the  air  before  heating.  Immerse  this  in  a 
solution  of  Ehrlich/s  anilme-vyater  fuchsin,  contained  in  a  thin 
watch-glass  or  porcelain  dish,  and  steam  over  a  small  fiame  for  two 
minutes.  Then  remove  the  glass  from  this  and  wash  with  water. 
Now  decolorize  by  immersing  the  stained  preparation  in  a  3  per  cent, 
hydrochloric  acid  solution  in  alcohol  for  from  one-half  up  to  one 
minute,  removing  at  the  time  when  all  color  is  just  about  gone  from 
the  cover-glass  smear.  Wash  thoroughly  with  water,  and  make  a 
contrast  stain  by  applying  a  cold  solution  of  Loeffler's  alkaline 
methylene  blue — 

Concentrated  alcoholic  solution   of  methylene  blue 30  c.c. 

Caustic  potash   (1 :  10,000  solution) 100  c.c 

for  from  fifteen  to  thirty  seconds.  Wash  with  water;  press  between 
folds  of  filter  paper ;  dry  in  air ;  mount  and  examine. 

The  tubercle  bacilli  are  distinguished  by  the  fact  that  they  retain 
the  red  color  imparted  to  them  in  the  fuchsin  solution,  while  the 
other  bacteria  present,  having  been  decolorized  in  the  acid  solution, 
take  the  contrast  stain  and  appear  blue.     (See  Plate  I.,  Figs.  1  and 

Various  methods  have  been  suggested  for  the  staining  of  tubercle 
bacilli,  but  the  original  method,  as  employed  by  Koch,  or  some  slight 
modification  of  it,  is  so  satisfactory  in  its  results  that  it  seems  un- 
necessary to  substitute  others  for  it  The  above  is  a  slifi;ht  modifica- 
tion of  the  Koch-Ehrlich  method,  differing  from  it  chiefly  in  the  use 
of  a  weak  for  a  strong  acid  decolorizer.  It  has  been  found  that  the 
strong  acid  solution  originally  employed  (5  per  cent,  sulphuric  acid 
solution  in  alcohol)  often  decolorizes  some  of  the  bacilli  entirely  by 
its  too  energetic  action,  and  that  a  weaker  deoolcrizer,  such  as  the 
above,  gives  more  uniform  results. 

Instead  of  the  Koch-Ehrlich  aniline-water  solution,  ZieM's  carbol- 
fuchsin  solution  may  be  used,  and  it  is  by  many  preferred.  Instead 
of  floating  the  cover-glass  smears  on  the  staining  fluid,  or  dipping 
slides  into  it,  they  can  be  held  in  tlie  Comet  forceps,  covered  com- 
pletely with  fluid  while  steamed  for  two  minutes  over  the  flame. 

The  Koch-Ehrlich  aniline-water  solution  decomposes  after  having 
been  made  for  a  time,  so  that  it  must  be  freshly  prepared  as  needed. 
Solutions  older  than  fourteen  days  should  not  be  used.  The  advan- 
tages in  using  ZiehVs  carbol-fuchsin  solution  are  that  it  keeps  well 
and  is  more  convenient  for  use  in  small  quantities. 

Another  method,  which  is  often  of  value  on  account  of  its  sim- 
plicity and  rapidity  of  performance,  is  that  of  Frankel  as  modified 
by  Gabbett.  This  cons^'sts  in  staining  the  cover-glass  "  smear  "  with 
steaming  Ziehl's  carbol-fuelisin  solntion  for  from  one  to  two  minutes, 
and  then,  after  washing  in  water,  placing  it  from  one-half  to  one 
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minute  directly  in  a  second  solution  which  contains  both  the  acid  for 
decolorizing  and  the  contrast  stain.     This  second  solution  consists  of 

Sulphuric  acid    25  c.c. 

Methylene  blue  in  substance  2  grm. 

Water    75  c.c. 

It  is  then  washed  with  water  and  is  ready  for  examination.  The 
tubercle  bacilli  will  remain  red  as  stained  by  the  fuchsin,  while  all 
the  other  bacteria  will  be  tinted  blue. 

When  the  number  of  tubercle  bacilli  in  sputum  is  very  small  they 
may  easily  escape  detection.  Methods  have,  therefore,  been  sug- 
gested for  finding  them  under  these  circumstances.  Ribbort  proposed 
the  addition  to  the  sputum  of  an  equal  amount  or  more  of  a  2  per  cent, 
solution  of  caustic  potash,  and  boiling  the  mixture.  The  mucus  is 
stirred  slightly  until  it  is  dissolved.  To  this  an  equal  amount  of 
water  is  stirred  in  and  the  whole  is  placed  in  a  conical  glass  -v^essel ; 
and  any  bacilli  present  are  deposited  at  the  bottom  and  may  be  found 
in  the  sediment  after  removing  the  supernatant  fluid.  The  sedi- 
mentation may  be  obtained  more  quickly  by  the  centrifugal  machine. 

Detection  of  Tubercle  Bacilli  in  Urine  and  Feces. — ^The  catheter- 
ized  urine  is  centrifuged.  If  little  sediment  appears,  the  upper  por- 
tion of  the  fluid  is  removed  and  the  remainder  again  centrifuged.  If 
the  urine  is  rich  in  salts  of  uric  acid,  the  same  may  be  diminished  by 
carefully  warming  the  urine  before  treating  it.  If  too  alkaline  add 
a  little  acetic  acid. 

The  feces  are  examined  for  any  purulent  or  mucous  particles.  If 
none  are  found,  larger  masses  of  feces  are  removed  and  then  the 
rest  diluted  and  centrifugalized.  The  examiner  must  remember  that 
bacilli  swallowed  with  the  sputum  may  appear  in  the  feces. 

Examination  for  Other  Bacteria  (KQxed  Infection). — With  regard 
to  the  bacteriological  diagnosis  of  pulmonary  phthisis,  many  con- 
sider that  it  is  not  enough  to  show  only  the  preseilce  of  tubercle  ba- 
cilli ;  it  is  held  to  be  of  importance,  both  for  purposes  of  prognosis 
and  treatment,  that  the  presence  of  other  micro-organisms  which  may 
be  associated  with  the  tubercle  bacillus  should  also  be  determined. 
It  is  now  usual  to  distinguish  pure  tuberculosis  of  the  lungs  from  a 
mixed  infection.  Phthisis  due  to  the  tubercle  bacillus  alone,  which 
constitutes  but  a  small  percentage  of  all  cases,  may  occur  almost 
without  febrile  reaction;  or  when  fever  occurs  the  prognosis  is  un- 
favorable, thus  indicating  that  the  disease  is  already  advanced.  It 
is  in  the  uncomplicated  forms  of  phthisis,  moreover,  where  one  must 
expect  if  anywhere  the  best  results  from  treatment  with  tuberculin 
or  antituberculous  serum.  The  majority  of  cases,  however,  of  pul- 
monary tuberculosis  show  a  mixed  infection,  especially  with  vari- 
eties of  the  streptococcus  and  pneumococcus.  These  cases  may  be 
active,  with  fever,  or  passive,  without  fever,  according,  perhaps,  as 
the  parenchyma  of  the  lung  is  invaded  by  the  bacteria;  or  they  are 
only  superficially  located  in  cavities,  bronchi,  etc.     Mixed  infection 
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with  the  staphylococcus,  other  micrococci,  and  with  the  influenza 
bacilli  have  also  been  frequently  met  with  by  us.  The  tetragenus 
has  not  been  often  detected  by  us  in  thoroughly  washed  fresh  sputum. 
At  present  the  facts  seem  to  prove  that  the  tubercle  bacilli  have  in 
the  great  majority  of  cases/  at  least  shortly  before  death,  a  much 
more  important  role  than  the  associated  bacteria. 

Sputum  Washing. — Some  of  the  associated  bacteria  foimd  in  the 
expectoration  come  from  the  diseased  areas  of  the  lungs,  while  others 
were  merely  added  to  the  sputa  as  it  passed  through  the  mouth,  or 
have  developed  after  gathering.  To  endeavor  to  separate  the  one 
from  the  other  we  wash  the  sputa.  The  first  essential  is  that  the 
material  is  to  be  washed  within  a  few  minutes^  and  certainly  within 
an  hour  after  being  expectorated.  If  a  longer  time  is  allowed  to  inter- 
vene, the  bacteria  from  the  mouth  will  penetrate  into  the  interior 
of  the  mucus,  and  thus  appear  as  if  they  came  from  the  lungs. 
Spututn  treated  twenty-four  hours  after  its  expectoration  is  useless 
for  examining  for  anything  except  the  tubercle  bacillus.  A  rough 
method  is  to  pour  some  of  the  specimen  of  sputum  to  be  examined 
into  a  convenient  receptacle  containing  sterile  water,  and  withdraw, 
by  means  of  a  sterilized  platinum  wire,  one  of  the  cheesy  masses  or 
thick  "  balls  "  of  mucus.  Pass  this  loop  five  times  through  sterile 
water  in  a  dish ;  repeat  the  operation  in  fresh  water  in  a  second  and 
third  dish.  Spread  what  remains  of  the  mass  on  cover-glasses  and 
make  smear  preparations;  stain  and  examine.  With  another  mass 
inoculate  ascitic  bouillon  in  tubes  and  agar  in  plates. 

When  we  wish  thoroughly  to  exclude  mouth  bacteria,  a  lump  of  the 
sputum  raised  by  a  natural  cough  is  seized  by  the  forceps  and  trans- 
ferred to  a  bottle  of  sterile  water  and  thoroughly  shaken;  it  is 
then  removed  to  a  second  bottle  of  bouillon  and  again  thoroughly 
shaken.  From  this  it  is  passed  in  the  same  way  through  four  other 
bottles  of  bouillon.  A  portion  of  the  mass  is  now  smeared  over 
cover-glasses,  and  the  rest  inoculated  in  suitable  media,  such  as 
agar  in  Petri  dishes,  and  ascitic  fluid  bouillon  in  tubes.  If  de- 
sired the  bacteria  washed  off  in  the  different  washings  are  allowed 
to  develop. 

Practical  Notes  on  the  Examination  for  Hixed  Infection. — 1.  The 
difficulties  to  be  overcome,  in  order  to  obtain  sputum  consisting  pre- 
sumably of  exudate  from  the  deeper  portions  of  the  lungs,  are  so 
great  that  the  collection  of  the  specimens  should  be  supervised  by  the 
bacteriologist  in  charge  of  the  work  of  examination. 

2.  Specimens  of  sputum  collected  even  with  the  greatest  precaution 
may  give  evidence  of  decided  mouth  infection  unless  immediately 
washed. 

3.  The  sputum  must  be  examined  very  soon  after  collection. 

4.  The  culture  medium  used  for  the  final  cultures  must  be  suitable 
for  the  growth  of  the  micro-organisms. 

6.  At  least  two  successive  examinations  of  sputum  should  be  made 
in  each  case. 
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6.  The  results,  especially  as  to  the  number  of  colonies,  vary  accord- 
ing to  the  size  and  tenacity  of  the  ball  of  sputum  washed — e.  g.,  a 
small  ball  of  sputum  which  becomes  more  or  less  broken  up  upon 
thorough  shaking  may  contain  very  few  or  no  bacteria. 

Williams,  in  the  examination  of  the  sputum  in  some  40  cases,  came 
to  the  following  conclusions :  1.  The  presence  of  a  large  number  of 
bacteria  in  a  satisfactory  and  thoi^oughly  washed  specimen  of  sputum 
indicates  that  these  bacteria  probably  play  an  active  part  in  the  dis- 
ease. 2.  The  presence  of  a  small  number  of  bacteria  in  such  sputum 
does  not  necessarily  indicate  that  they  are  not  active  in  that  case,  for 
they  may  penetrate  more  or  less  deeply  into  the  lung  tissue,  and  pro- 
duce pathological  changes  without  being  thrown  off  in  large  numbers 
with  the  exudate.  It  is  probable,  however,  that,  as  a  rule,  the  smaller 
the  number  found  the  less  the  degree  of  mixed  infection. 

3.  Cases  of  clinically  secondary  infection  frequently  give  pure  cul- 
tures of  some  one  organism  (pneumococcus,  influenza  bacillus,  or 
streptococcus),  which  are  capable  of  causing  the  symptoms. 

4.  In  the  majority  of  severe  cases  of  clinically  mixed  infection 
many  organisms  have  been  found  which  usually  have  belonged  to 
several  different  species  or  varieties. 

5.  In  the  majority  of  cases  of  clinically  non-mixed  infection  very 
few  organisms  have  been  found. 

6.  Only  bacteria  which  might  cause  pathological  changes  were 
present 

7.  Very  few  of  the  organisms  found  were  markedly  virulent  in 
rabbits,  even  though  coming  from  severe  cases  of  mixed  infection. 

The  virulence  for  laboratory  animals  of  bacteria  obtained  from  the 
sputum  is,  therefore,  no  indication  of  their  virulence  for  man 
because  of  the  impossibility  of  reproducing  in  such  animals  the  exact 
condition  of  susceptibility  present  in  human  infection. 

General  Rules  in  Microscopic  Examination  of  Sputum. — ^Always 
make  two  smear  preparations  from  each  specimen.  Report  no  result 
as  negative  until  at  least  two  preparations  have  been  subjected  to  a 
thorough  search  with  a  /42  oil-inmiersion  or  2  mm.  apochroraatic 
lens  by  means  of  a  mechanical  stage.  From  a  very  large  experience  in 
the  examination  of  sputum  for  tubercle  bacilli,  the  New  York  Health 
Department  bacteriologists  have  concluded  that  the  examination  of 
two  preparations  of  each  specimen,  in  the  careful  manner  described 
above,  is  usually  sufficient  to  demonstrate  the  presence  of  the  bacilli 
when  they  are  present  in  the  sputa,  and  they  are  usually  found  to  be 
present  to  this  extent  in  fairly  well-developed  cases  of  pulmonary 
tuberculosis,  and  in  many  cases  which  are  in  the  incipient  stage. 
There  are  however,  undoubted  cases  of  incipient  pulmonary  tuber- 
culosis which  require  the  examination  of  many  preparations  before 
the  tubercle  bacillus  can  be  found ;  and  cases  also  occur  in  which  the 
sputum  for  a  time  does  not  contain  the  bacilli,  which  were,  neverthe- 
less, present  at  an  earlier  period,  and  which  again  later  appear. 
Therefore,  if  cases  occur  which  may  be  still  r^arded  as  possibly 
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tuberculosis,  further  examinations  of  the  sputum  should  be  made. 
It  should  also  be  constantly  borne  in  mind  that  the  demonstration  of 
the  presence  of  tubercle  bacilli  in  the  sputum  proves  about  as  con- 
clusively as  anything  can  the  existence  of  some  degree  of  tubercu- 
losis; but  that  the  absence  of  tubercle  bacilli  or  the  failure  to  find 
them  microscopically  does  not  positively  exclude  the  existence  of  the 
disease.    Here  tuberculin  can  be  made  use  of. 

Staining  of  Tubercle  Bacilli  in  Tissues. — Thin  sections  of  tuberculous  tis- 
sues may  be  stained  by  the  same  methods  reconunended  for  cover-glass  prep- 
arations, except  that  it  is  best  not  to  employ  heat  to  any  extent.  Fixation 
in  bichloride  of  mercury  is  better  than  in  alcohol.  Formalin  is  a  bad  fixa- 
tive, as  it  makes  the  tissues  hold  the  fuchsin  with  as  much  tenacity  as  the 
bacilli.  Both  paraffin  and  celloidin  may  be  used  for  embedding,  but  the  for- 
mer is  better. 

Ehruch's  Method. — Place  the  paraffin  sections  in  aniline  fuchsin  and 
leave  at  37®  C.  for  from  six  to  twelve  hours,  or  at  about  80°  C.  for  three  to 
five  minutes,  the  sections  are  then  washed  in  water;  then  decolorize  by  placing 
them  for  about  half  a  minute  in  dilute  nitric  acid  (10  per  cent.),  or  in  3 
per  cent,  hydrochloric  acid  in  alcohol;  wash  in  60  per  cent,  alcohol  until  no 
more  color  is  given  off;  counterstain  for  two  or  three  minutes  in  a  saturated 
aqueous  solution  of  methylene  blue,  or,  better,  with  hsBmatoxylin ;  wash  in 
water;  dehydrate  with  absolute  alcohol;  clear  in  oil  of  cedar  or  xylol,  and 
mount  in  xylol  balsam. 

Method  of  Ziehl-Neelson. — Stain  the  ^^ection  in  warmed  carbol-fuchsin 
solution  for  one  hour;  the  temperature  to  be  not  over  45°  to  50°  C.  Decol- 
orize for  a  few  seconds  in  5  per  cent,  sulphuric  acid,  then  in  70  per  cent, 
alcohol,  and  from  this  on  as  in  the  Ehrlich  method. 

Inoculation  of  Animals. — The  inoculation  of  suspected  material 
into  guinea-pigs  sometimes  produces  tuberculosis  when  no  bacilli 
could  be  detected  by  microscopic  examination.  The  material  may 
be  injected  into  the  subcutaneous  tissues,  into  the  peritoneal  cavity, 
or  into  the  mammary  gland  of  a  pregnant  guinea-pig. 

Cultivation. — This  is  so  difficult  and  requires  so  much  time  that 
it  is  not  used  except  in  important  investigations  upon  the  nature  of 
the  tubercle  bacilli.     The  special  methods  have  already  been  given. 


CHAPTER  XXIV. 

BACILLI  SHOWING  STAINING  REACTIONS  SIMILAR  TO  THOSE 
OF  THE  TUBERCLE  BACILLI— LUSTGARTEN'S  BACILLUS— 
SMEGMA  BACILLUS— LEPROSY  BACILLUS- 
GRASS  BACILLI. 

LUSTGABTEN'S  BAOILLUS—SMEGMA  BACILLUS. 

Bacilli  were  discovered  by  Liistgarten  in  syphilitic  lesions  of 
syphilitic  ulcers  (1884),  and  believed  by  him  to  be  the  specific  cause 
of  this  disease.  It  has  since  been  shown  that  in  normal  sme^^a 
from  the  prepuce  or  ihe  vulva  bacilli  are  found  in  great  abundance, 
similar  in  their  morphology  to  the  bacillus  of  Lustgarten,  but  differ- 
ing, as  a  rule,  slightly  in  certain  staining  peculiarities.  (See  Fig. 
106.) 

Morphology. — Straight  or  curved  bacilli,  which  bear  considerable 
resemblance  to  tubercle  bacilli,  but  differ  from  them  in  staining 
reactions.  The  bacilli  are  not  usually  found  free  in  the  tissues,  but 
commonly  lie  singly  or  sometimes  in  groups  within  the  interior  of 
cells,  having  a  round,  oval,  or  polygonal  form,  and  apparently  some- 
what swollen. 

Staining. — The  bacillus  of  Lustgarten  stains  with  almost  as  much 
difficulty  as  the  tubercle  bacillus,  but  is  much  less  resistant  to  the 
action  of  certain  decolorizing  agents,  such  as  mineral  acids,  particu- 
larly sulphuric  acid. 

Biological     and     Pathogenic     Properties. — Numerous    attempts 
have  been  made  to  cultivate  the  bacillus  of  Lustgarten  on  artificial 
media,    but  with   doubtful   success.     The 
inoculation  of  animals  has  also  given  only 
negative  results. 

Liistgarten's  bacillus  has  been  found  in 
various  syphilitic  tissues  and  lesions,  in 
beginning  sclerosis,  in  the  papules,  in  con- 
dylomata and  gummata,  and  not  only  in 
the  vicinity  of  the  genitals,  but  also  in  the 
mouth,  throat,  heart,  and  brain.  No  sat- 
isfactory experimental  evidence  has  bean 
given  of  its  causative  relation  to  syphilis. 
The  finding  of  saprophytic  bacilli — the  so- 
called     smegma     bacilli (Fig.      106     and        smegma    bacllll,    similar    In 

Plate  I.,  Fig.  4)  almost  identical  morpho-  bacmus^^  x^  noo^diameteref^"  * 
logically  with  the  bacillus  of  Lustgarten, 

under  the  prepuce   of  healthy   persons,    does  not  prove   the  iden- 
tity of  the   two  bacilli,    though,   in   the   absence  of  cultures   and 
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inoculation  experiments,  we  have  not  the  means  of  establish- 
ing their  relationship  to  one  another.  The  smegma  bacilli  have 
never  been  identified  in  other  parts  of  the  body,  except  in  the 
neighborhood  of  the  genitals.  While  the  bacillus  of  Lustgarten 
cannot  resist  the  prolonged  decolorizing  action  of  acids,  but  is  resis- 
tant to  the  action  of  alcohol,  the  smegma  bacillus,  when  stained,  is 
quickly  decolorized  by  alcohol,  but  quite  resistant  to  5  per  cent  sul- 
phuric acid  solution.  Besides,  Lustgarten's  bacillus  has  been  found 
in  papules,  in  gummata,  and  other  syphilomata,  where  there  seems 
no  probability  whatever  of  the  smegma  bacillus  having  emigrated. 

The  differential  diagnosis  of  Lustgarten's  bacillus  must  be  made 
from  the  tubercle  bacillus,  the  smegma  bacillus,  and  the  leprosy  ba- 
cillus. According  to  Hueppe,  the  differential  diagnosis  between 
these  four  organisms  depend  upon  the  following  reactions:  When 
stained  by  the  carbol-fuchsin  method,  commonly  employed  in  stain- 
ing the  tubercle  bacillus,  the  syphilis  bacillus  becomes  almost  in- 
stantly decolorized  by  treatment  with  mineral  acids,  particularly 
sulphuric  acid;  whereas,  the  smegma  bacillus  resists  such  treatment 
for  a  much  longer  time,  and  the  lepra  and  tubercle  bacillus  for 
a  still  longer  time.  On  the  other  hand,  if  decolorization  is  prac- 
tised with  alcohol  instead  of  acids,  the  smegma  bacillus  is  the 
first  to  lose  its  color.  The  bacillus  tuberculosis  and  the  bacillus  of 
leprosy  are  both  very  retentive  of  their  color,  even  after  treatment 
with  acids  and  alcohol.  If,  then,  we  treat  the  preparation,  stained 
with  carbol  fuchsin,  with  sulphuric  acid,  the  syphilis  bacillus  be- 
comes almost  at  once  decolorized.  If  it  is  not  immediately  decolor- 
ized, treat  with  alcohol ;  if  it  is  then  decolorized,  it  is  the  sm^ma  ba- 
cillus. If  it  is  still  not  decolorized,  it  is  either  the  leprosy  or  the 
tubercle  bacillus. 

By  these  methods  the  differential  diagnosis  can  usually  be  made. 
In  all  investigations  of  importance,  however,  animal  inoculations 
should  also  be  made,  as  by  this  means  alone  can  a  positive  diagnosis 
from  tuberculosis  be  established.  Especial  care  should  be  observed 
in  the  examination  of  syphilitic  ulcers  of  the  genital  region,  as  in 
this  situation  the  smegma  bacilli  are  almost  always  present, 

LEPROSY  BAOILLUS. 

The  bacillus  of  leprosy  was  discovered  by  Hansen  and  Neisser 
(1879)  in  the  leprous  tubercles  of  persons  af&icted  with  the  disease. 
This  discovery  was  confirmed  by  many  subsequent  observers. 

Morphology. — Small,  slender  rods  resembling  the  tubercle  bacilli 
in  form,  but  somewhat  shorter  and  not  so  frequently  curved.  The 
rods  have  pointed  ends,  and  in  stained  preparations  unstained  spaces, 
similar  to  those  observed  in  the  tubercle  bacillus,  are  seen.  They 
stain  readily  with  the  aniline  colors  and  also  by  Gram's  method.  Al- 
though differing  slightly  from  the  tubercle  bacillus  in  the  ease  with 
which  they  take  up  the  ordinary  aniline  dyes,  they  behave  like 
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tubercle  bacilli  in  retaining  their  color  when  subsequently  treated 
with  strong  solutions  of  the  mineral  acids  and  alcohol.  The  slight 
diflFerence  in  staining  characteristics  is  too  little  to  be  relied  upon  for 
diagnostic  purposes. 

Biological  Characters. — Attempts  to  cultivate  the  Bacillus  lept-ce 
have  been  frequently  made,  but  so  far  with  negative  results. 

Pathogenesis. — Numerous  inoculation  experiments  have  been 
made  on  animals  with  portions  of  leprous  tubercles,  but  there  is  no 
conclusive  evidence  that  leprosy  can  be  transmitted  to  the  lower  ani- 
mals by  inoculation.  The  inference  that  this  bacillus  bears  an 
etiological  relation  to  the  disease  with  which  it  is  associated  is  based 
entirely  upon  the  demonstration  of  its  constant  presence  in  leprous 
tissues  (Fig.  107). 
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Leprosy  bacilli  In  nodule.      (Kolle  and  Wassermann. ) 

The  bacilli  are  found  in  all  the  diseased  parts,  and  usually  in 
large  numbers,  especially  in  tubercles  on  the  skin,  in  the  conjunctiva 
and  cornea,  the  mucous  membranes  of  the  mouth,  gums,  and  larynx, 
and  in  the  interstitial  processes  of  the  nerves,  testicles,  spleen,  liver, 
and  kidneys.  The  rods  lie  almost  exclusively  within  the  peculiar 
round  or  oval  cells  of  the  granulation  tissue  which  composes  the  lep- 
rous tubercles,  either  irregularly  scattered  or  arranged  parallel  to 
one  another.  In  old  centres  of  infection  the  leprosy  cells  containing 
the  bacilli  are  larger  and  often  polynuclear.  Giant  cells,  such  as  are 
found  in  tuberculosis,  are  claimed  to  have  been  observed  by  a  few 
investigators  (Boinet  and  Borrel).  In  the  interior  of  the  skin 
tubercles,  the  hair  follicles,  sebaceous  and  sweat-glands  are  often  at- 
tacked, and  bacilli  have  sometimes  been  found  in  these  (Unna,  etc.). 
Quite  young  eruptions  often  contain  a  few  bacilli.  A  tru^  caseation 
of  the  tubercles  does  not  occur,  but  ulceration  results.  During  acute 
exacerbations  with  development  of  new  lesions  bacilli  have  been  ob- 
served in  the  blood. 

In  the  anaesthetic  forms  of  leprosy  the  bacilli  are  found  most  com- 
monly in  the  nerves  and  less  frequently  in  the  skin.     They  have  been 
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demonstrated  in  the  sympathetic  nervous  system,  in  the  spinal  cord, 
and  in  the  brain.  The  Bacillus  lepree  occurs  also  in  the  blood,  partly 
free  and  partly  within  the  leukocytes,  especially  during  the'  febrile 
stage  which  precedes  the  breaking  out  of  fresh  tubercles  (Walters 
and  Doutrelepont).  The  bacilli  have  also  been  found  in  the  in- 
testines, in  the  lungs,  and  in  the  sputum,  but  not  in  the  urine. 

With  regard  to  the  question  of  the  direct  inheritance  of  the  disease 
from  the  mother  to  the  unborn  child  there  is  considerable  difference 
of  opinion.  Some  cases  have  been  reported,  however,  in  which  a 
direct  transmission  of  the  bacillus  during  intrauterine  life  seems  to 
be  the  only  or  most  plausible  explanation  of  the  infection.  At  the 
same  time,  we  have  no  positive  experimental  evidence  to  prove  that 
such  an  infection  does  take  place.  Although  many  attempts  have 
been  made  to  infect  healthy  individuals  with  material  containing  the 
bacilli  of  leprosy,  the  results  are  not  conclusive.  Even  the  experi- 
ments made  by  Aming,  who  successfully  infected  a  condemned  crim- 
inal in  the  Sandwich  Islands  with  fresh  leprous  tubercles,  and  which 
have  been  regarded  as  positive  evidence  of  the  transmissibility  of  the 
disease  in  this  way,  are  by  no  means  conclusive;  for,  according  to 
Swift,  the  man  had  other  opportunities  for  becoming  infected.  These 
negative  results,  together  with  the  fact  that  infection  does  not  more 
frequently  occur  in  persons  exposed  to  the  disease,  may  possibly  be 
explained  by  the  assumption  that  the  bacilli  contained  in  the  tuber- 
culous tissue  are  mostly  dead,  or  much  more  probably  that  an  in- 
dividual susceptibility  to  the  disease  is  requisite  foi:  its  production. 

The  widespread  idea,  before  the  discovery  of  the  leprosy  bacillus, 
that  the  disease  was  associated  with  the  constant  eating  of  dried  fish 
or  a  certain  kind  of  food,  has  now  been  entirely  abandoned. 

The  relation  of  leprosy  to  tuberculosis  is  sufficiently  evident  from 
their  great  similarity  in  many  respects.  This  is  rendered  still  more 
remarkable  by  the  fact  that  leprosy  reacts,  both  locally  and  generally, 
to  an  injection  of  tuberculin  in  the  same  manner  as  tuberculosis, 
but  to  a  somewhat  less  extent. 

Differential  Diagnosis. — The  differential  diagnosis  between  lep- 
rosy and  tuberculosis  is  not  difficult  in  typical  cases.  The  lar^re 
numbers  of  bacilli  found  in  the  interior  of  the  cells  would  point  witli 
great  probability  to  leprosy.  Too  much  importance  should  not  be 
placed  upon  the  staining  peculiarities,  as  these  are  not  constant. 
Moreover,  the  two  diseases  not  infrequently  occur  together  in  the 
same  individual.  In  making  the  diagnosis,  therefore,  all  the  signs, 
histological  and  pathogenic,  must  be  considered  and  animal  inocula- 
tions made. 

TIM0TH7  AND  OTHER  GRASS  BAOILIJ. 

On  various  grasses,  in  cows'  manure,  in  butter,  and  in  milk,  there 
have  been  discovered  a  number  of  varieties  of  bacteria  which  have 
more  or  less  of  the  characteristics  of  the  tubercle  bacillus.  Some  of 
them  are  as  difficult  to  stain  and  as  resistant  to  the  decolorizing  action 
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of  mineral  acids  and  alcohol  as  the  tubercle  bacillus  found  in  man. 
Many  of  them  are  of  the  same  general  size  and  shape  as  the  tubercle 
bacillus,  and,  strangely  enough,  produce  in  animals  small  diseased 
areas  which  not  only  macroscopically  but  also  microscopically  re- 
semble miliary  tubercles  due  to  the  tubercle  bacillus.  They  are, 
however,  entirely  different  in  their  culture  characteristics,  produc- 
ing in  twenty-four  to  forty-eight  hours,  on  ordinary  culture  media, 
moist^  round  colonies  of  an  eighth  to  a  quarter  of  an  inch  in  diam- 
eter, and  of  a  more  or  less  intense  pink  color.  In  animals  they  pro- 
duce only  localized  lesions,  causing  death  only  when  injected  in 
large  numbers.  The  injected  animals  are  unaffected  by  tuberculin 
injections.  The  chief  interest  which  these  bacilli  have  for  us  is  the 
possibility  of  confusing  them  with  the  tubercle  bacilli.  This  danger 
is  always  present  in  milk,  for  the  grass  bacilli  find  so  many  means  of 
gaining  entrance  to  it.  In  the  examination  of  dust,  healthy  throat 
and  nose  secretions,  etc.,  the  simple  microscopic  examination  might 
lead  to  error. 

They  can  be  separated  from  tubercle  bacilli  by  inoculating  ani- 
mals in  which  no  progressive  lesions  will  develop.  If  there  is  any 
doubt  about  the  nature  of  the  infection,  inject  %  c.c.  of  tuberculin, 
when  if  infected  with  tuberculosis  they  will  die,  but  if  by  grass  ba- 
cilli they  will  show  no  reaction.  Cultures  from  the  lesions  will  also 
show,  on  ordinary  media,  pink  colonies  if  grass  bacilli  are  present, 
and  no  growth  if  only  tubercle  bacilli. 


CHAPTER   XXV. 


THE  INFLUENZA  AND  PSEUDOINFLUENZA  BACILLI— THE 
KOCH-WEEKS  BACILLUS. 

THE  INFLUENZA  BACILLUS. 

Influenza  as  a  distinct  entity  can  be  traced  back  to  Ae  fifteenth 
century  and  probably  existed  at  a  much  earlier  date. 

At  times  but  few  endemic  cases  occur,  and  then  a  great  epidemic 
spreads  over  the  civilized  world.  The  last  great  epidemic  reached 
Russia  from  the  East  in  the  fall  of  1889  and  gradually  spread  over 
Europe  and  to  America,  reaching  the  latter  country  in  December  of 
that  year.  Since  then  we  have  had  more  or  less  of  it,  especially  dur- 
ing the  winter  months.  It  is  now  well  known  that  many  acute  in- 
flammations of  the  respiratory  mucous  membranes,  due  to  pneumo- 
cocci  and  streptococci,  give  symptoms  similar  to  those  due  to  the 
influenza  bacillus.     These  are  not  considered  here. 

pjq  jQg  The  rapidity  of  the  spread 

of  epidemics  of  influenza  sug- 
gested that  persons  were  the 
carriers  of  the  infection,  while 
the  location  of  the  disease 
pointed  to  the  respiratory  tract 
as  the  location  of,  and  to  the 
expectoration  as  the  chief 
source  of  infection  by,  the 
micro-organisms. 

After   numerous   unsuccess- 
ful attempts,  during  the  epi- 
demic of  1889  and  succeeding 
years,  to  discover  the  specific 
cause    of    influenza,    Pfeiffer 
(1892)  succeeded  in  isolating 
and  growing  upon  blood  agar  a 
bacillus  which  abounded  in  the 
purulent  bronchial  secretion  of  patients  suffering  from  epidemic  influ- 
enza, which  he  v^^howed  was  the  probable  cause  of  the  disease.     The 
bacillus  was  not  found  upon  normal  respiratory  mucous  membranes. 
Morphology. — Very  small,  moderately  thick  bacilli   (0.2  to  0.3fi 
in  thickness  to  0.5  to  2/x  in  length),  usually  occurring  singly  or 
united  in  pairs,  but  threads  or  chains  of   three,  four,  or  more  ele- 
ments, are  occasionally  found.     Xo  capsule  has  been  demonstrated. 
Staining. — The  bacillus  stains  with  difficulty  with  the  ordinary 
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aniline  colors — ^best  with  dilute  Ziehl's  solution  (water  9  parts  to 
Ziehl's  solution  1  part),  or  Loeffler's  methylene-blue  solution,  with 
heat.  When  faintly  stained  the  two  ends  of  the  bacilli  are  sometimes 
more  deeply  stained  than  the  middle  portion.  They  are  not  stained 
by  Gram's  method. 

Kology. — ^An  aerobic,  non-motile  bacillus;  does  not  form  spores; 
no  growth  occurs  with  most  cultures  below  26°  C,  or  above  41°  C, 
or  in  the  entire  absence  of  oxygen. 

Oiiltiyation. — This  bacillus  is  best  cultivated  at  37°  C,  and  on  the 
surface  of  ordinary  nutrient  culture  media  containing  haemoglobin. 
Plain  or  glycerin  agar,  or  blood  serum  thinly  streaked  with  rabbit  or 
human  blood,  make  the  best  media  for  its  growth.  At  the  end  of 
eighteen  hours  in  the  incubator  very  small  circular  colonies  are  de- 
veloped, which,  under  a  low  magnification  (100  diameters),  appear 
as  shining,  transparent,  homogeneous  masses,  and  even  under  a  N'o. 
7  lens  scarcely  show  at  all  the  individual  organisms.  Older  colonies 
are  sometimes  colored  yellowish-brown  in  the  centre.  A  character- 
istic feature  of  the  influenza  bacillus  is  that  the  colonies  tend  to  re- 
main separate  from  each  other,  although  when  they  are  thickly  sown 
in  a  film  of  moist  blood  upon  nutrient  agar  they  may  become  con- 
fluent. Transplantation  of  the  original  culture  to  ordinary  agar  or 
serum  cannot,  as  a  rule,  be  successfully  performed,  owing  to  the  want 
of  sufficient  haemoglobin;  but  if  sterile  rabbit,  pigeon,  or  human 
blood  be  added  to  these  media,  transplantation  may  be  indefinitely 
performed,  provided  it  is  done  every  three  or  four  days.  Cultures 
may  remain  alive  up  to  seventeen  days  in  the  ice-chest.  By  a  series 
of  l)eautifully  carried  out  experiments  Pfeiffer  showed  that  not  only 
were  the  red  blood  cells  the  necessary  part  of  the  blood  needed  for 
the  growth  of  the  influenza  bacillus,  but  that  it  was  the  haemoglobin 
in  the  cells. 

In  bouillon  in  thin  layers,  to  which  blood  is  added,  a  good  develop- 
ment takes  place  if  there  is  free  access  of  oxygen. 

Besistance  and  Length  of  Life. — The  influenza  bacillus  is  very  sen- 
sitive to  desiccation ;  a  pure  culture  diluted  with  water  and  dried  is 
destroyed  with  certainty  in  twenty-four  hours ;  in  dried  sputum  the 
vitality,  according  to  the  completeness  of  drying,  is  retained  from 
twelve  to  forty-eight  hours.  It  does  not  grow,  but  soon  dies  in  water. 
The  thermal  death  point  is  60°  C.  with  five  minutes'  exposure 
(Pfeiffer  and  Beck).  In  blood-bouillon  cultures  at  20°  C.  they  re- 
tain their  vitality  for  from  a  few  days  to  two  or  three  weeks.  In 
moist  sputum  it  is  difficult  to  determine  the  duration  of  their  life, 
since  the  other  bacteria  overgrow  and  make  it  impossible  to  find  them. 
It  is  probable  that  they  can  remain  alive  for  at  least  two  weeks.  The 
bacilli  are  very  readily  killed  by  chemicals,  disinfectants,  and  suc- 
cumb to  boiling  within  one  minute  and  to  60°  C.  within  ten  minutes. 

Detection  of  the  Influenza  Bacillus  in  Sputum. — The  direct  micro- 
scopic examination  of  stained  smears  of  sputum  may  give  consider- 
able information  as  to  the  probable  presence  of  influenza-like  bacilli. 
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The  frequent  presence  of  other  influenza-like  bacilli  in  the  throat 
•secretions  leads  to  so  much  doubt  that  it  is  advisable  from  the  start 
to  make  use  of  plate  cultures,  the  best  medium  being  nutrient  agar 
freshly  smeared  with  a  film  of  rabbit's  blood. 

Patiiogenesis. — The  bacillus  of  influenza,  in  so  far  as  experiments 
show,  produces  a  disease  at  all  similar  to  influenza  only  in  monkeys 
and  to  a  less  extent  in  rabbits.  When  a  small  quantity  of  culture  on 
blood  agar,  twenty-four  hours  old,  suspended  in  1  c.c  of  bouillon, 
was  injected  intravenously  into  rabbits,  Pfeiffer  found  that  a  char- 
acteristic pathogenic  effect  was  produced.  The  first  symptoms  were 
developed  in  one  and  a  half  to  two  hours  after  the  injection.  The 
animals  became  extremely  feeble,  lying  flat  upon  the  floor,  with  their 
limbs  extended,  and  suffered  from  extreme  dyspnoea.  The  tempera- 
ture rose  to  41°  C.  or  above.  At  the  end  of  five  or  six  hours  they 
were  able  to  sit  up  on  their  haunches  again,  and  in  twenty-four  hours 
had  recovered.  Larger  doses  caused  the  death  of  the  animals  inocu- 
lated. These  results  are  attributed  by  Pfeiffer  to  toxic  products 
present  in  the  cultures,  and  in  none  of  his  experiments  was  he  ever 
able  to  obtain  effects  resembling  septicaemic  infection.  In  some  of 
the  experiments  on  monkeys,  these  animals,  when  cultures  were 
rubbed  into  the  nasal  mucous  membrane,  showed  a  febrile  condition, 
lasting  for  a  few  days;  but  in  no  instance  has  Pfeiffer  observed  a 
multiplication  of  the  bacilli  introduced. 

The  cell  bodies  of  the  bacilli  seem  to  possess  considerable  pyogenic 
action. 

Immunity. — ^Possibly  an  immunity  for  a  short  period  against  the 
influenza  poison  may  be  established  after  an  attack.  At  least  in  three 
experiments  made  by  Pfeiffer  on  monkeys,  these  animals,  after 
recovering  from  an  inoculation  with  bacilli,  seemed  to  be  much  less 
susceptible  to  a  second  injection. 

Distribution  of  Influenza  Bacilli  in  the  Body. — In  patients  suffer- 
ing from  influenza  the  bacilli  are  found  chiefly  in  the  nasal  and 
bronchial  secretions.  In  acute  uncomplicated  cases  they  may  be 
observed  microscopically  in  large  masses,  and  often  in  absolutely 
pure  culture ;  the  green,  purulent  sputum  derived  from  the  bronchial 
tubes  is  especially  suitable  for  examination.  The  older  the  process 
is,  the  fewer  free  bacilli  will  be  found  and  the  more  frequently  will 
they  be  seen  lying  within  the  pus  cells,  instead  of  being  embedded 
free  in  the  secretion  as  at  first.  At  the  same  time  they  stain  less 
readily  and  present  more  irregular  and  swollen  forms.  Very  fre- 
quently the  influenza  process  invades  portions  of  the  lung  tissue.  In 
severe  cases  a  form  of  pneumonia  is  the  result,  which  is  lobular  and 
purulent  in  character,  and  accompanied  by  sym.ptoms  which  may  be 
somewhat  characteristic  for  influenza,  or,  again,  almost  identical 
with  bronchopneumonia  due  to  the  pneumococcus.  The  walls  of  the 
bronchioles  and  alveolar  septa  become  densely  infiltrated  with  leuk- 
ocytes, and  the  spaces  of  the  bronchial  tubes  and  alveoli  become  filled. 
The  influenza  bacilli  are  found  crowded  in  between  the  epithelial 
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and  pus  cells  and  also  penetrate  the  latter.  There  may  be  partial 
softening  of  the  tissues,  or  even  abscess  formation.  Bacilli  are  found 
in  fatal  cases  to  have  penetrated  from  the  bronchial  tubes  not  only 
into  the  peribronchitic  tissue,  but  even  to  the  surface  of  the  pleura, 
and  rarely  they  have  been  obtained  in  pure  cultures  in  the  pleuritic 
exudation.  The  pleurisy  which  follows  influenza,  however,  is 
usually  a  secondary  infection,  due  to  the  streptococcus  or  pneumo- 
coccus. 

Presence  in  Blood. — ^Bacilli  that  resemble  influenza  bacilli,  so 
closely  as  to  make  their  separation  difficult,  or  almost  impossible, 
are  found  at  times  in  the  blood  during  the  early  days  of  an  acute 
infection.  Whether  the  typical  influenza  bacillus  is  found  in  the 
blood  is  still  a  matter  of  controversy.  It  is  found  at  times  in  otitis 
media  accompanying  influenza,  and  has  been  found  in  the  meninges 
in  cases  of  meningitis.  So  far  as  positive  results  have  shown,  influ- 
enza would  seem  to  be  almost  always  a  local  infection  confined  chiefly 
to  the  air  passages.  The  general,  cerebral,  gastric,  and  other  symp- 
toms produced  are  due  to  the  absorption  of  the  toxic  products  of  the 
specific  organism,  these  poisons  being  particularly  active  in  their 
effects  on  the  central  nervous  system. 

Ftesence  of  Influenza  Bacilli  in  Ohronic  Influenza  and  in  Tuber- 
culosis.— Ordinarily  influenza  runs  an  acute  or  subacute  course,  and 
not  infrequently  it  is  accompanied  by  mixed  infections  with  the 
pneumococcus  and  streptococcus.  Pfeiffer  was  the  first  to  draw 
attention  to  certain  chronic  conditions  depending  upon  the  influenza 
bacillus.  Bacilli  may  be  retained  in  the  lung  tissue  for  months  at 
a  time,  remaining  latent  a  while,  and  then  becoming  active  again, 
with  a  resulting  exacerbation  of  the  disease.  Consumptives  are 
liable  to  carry  influenza  bacilli  for  years  and  are  particularly  sus- 
ceptible to  attacks  of  influenza.  Williams,  in  the  examination  of 
sputa  in  cases  of  pulmonary  tuberculosis,  has  found  abundant  in- 
fluenza bacilli  to  be  present  in  a  large  proportion  of  the  samples  of 
sputum  from  consumptives,  and  this  not  only  in  winter  but  also  in  the 
summer,  when  no  influenza  was  known  to  be  present  in  New  York. 
Taken  together  with  results  elsewhere,  this  indicates  that  at  all  times 
of  the  year  many  consumptives  carry  about  with  them  influenza  ba- 
cilli, and  that  very  likely  many  healthy  persons  as  well  as  persons 
suffering  from  bronchitis  also  harbor  a  few.  Given  proper  climatic 
conditions,  we  have  at  all  times  the  seed  to  start  an  epidemic. 

The  discovery  of  this  bacillus  enables  us  to  explain  many  things, 
previously  unaccountable,  in  the  cause  of  epidemic  influenza.  We 
now  know,  from  the  inability  of  the  influenza  bacillus  to  exist  for 
long  periods  in  dust,,  that  the  disease  is  not  transmissible  to  great 
distances  through  the  air.  We  also  know  that  the  infective  material 
is  contained  only  in  the  catarrhal  secretions.  Sporadic  cases,  or 
the  sudden  eruption  of  epidemics  in  any  localities  from  which  the 
disease  has  been  absent  for  a  long  time,  or  where  there  has  been  no 
new  importation  of  infection,  may  possibly  be  explained  by  assuming 
24 
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that  the  bacilli,  as  already  mentioned,  often  remain  latent  in  the 
lungs  or  bronchial  secretions  of  the  body  for  many  months,  and  per- 
haps years,  and  then  become  active  again,  when  under  favorable  cir- 
cumstances they  may  be  communicated  to  others. 

Bacteriological  Diagnosis. — This  is  of  importance  for  the  identi- 
fication of  clinically  doubtful  cases,  which,  from  their  symptoms, 
may  be  mistaken  for  grippe,  or  vice  versa.  Among  these  are  bron- 
chitis, pneumonia,  or  tuberculosis.  Up  to  the  present  time  the 
diagnosis  gives  us  little  help  in  treatment 

In  acute  uncomplicated  cases  the  probable  diagnosis  can  be  fre- 
quently made  by  microscopic  examinations  of  stained  preparations 
of  the  sputum,  there  being  present  enormous  numbers  of  small  ba- 
cilli, at  first  largely  free  and  later  largely  in  the  pus  cells.  In 
chronic  cases  or  those  of  mixed  infection  few  or  many  bacilli  may  be 
found  and  the  culture  method  may  be  necessary  to  give  even  a  prob- 
able diagnosis.  The  bacillus  of  influenza  is  not  readily  separated 
by  its  morphological,  staining,  and  cultural  peculiarities  from  other 
bacteria  belonging  to  the  influenza  group,  and  at  present  it  is  almost 
impossible  to  identify  it  certainly. 

The  Pseudoinfluenza  Bacillus. — This  bacillus  is  culturally  very 
similar  to  the  typical  influenza  bacillus,  but  may  be  distinguished 
from  it  by  its  larger  size  and  tendency  to  grow  out  into  long  threads. 
It  is  not  certain  but  that  it  is  a  form  of  the  influenza  bacillus. 

Other  Bacilli  Resembling  the  Influenza  Bacillus. — There  are  a 
number  of  bacilli  which  differ  slightly  in  morphology  and  growth  in 
culture  from  the  characteristics  of  the  typical  influenza  bacillus. 
One  of  these  strains  is  regularly  found  in  whooping-cough.  It  pro- 
duces, when  injected  in  animals,  agglutinins  which  are  specific  for 
them,  but  not  for  influenza  bacilli.  Both  bacilli  have  in  common 
group  agglutinins  (Wollstein).  The  blood  of  those  suffering  from 
whooping-cough  agglutinates  the  whooping-cough  bacilli  but  not 
the  influenza  bacilli.  Further  investigation  is  required  to  establish 
their  significance  in  the  disease.  The  Koch-Weeks  bacillus  is  also 
very  similar  to  the  influenza  bacillus. 

Belation  of  the  Clinical  Symptoms  to  the  Bacterial  Excitant. — 
There  is  no  doubt  that  other  infections  are  also  included  under  the 
clinical  forms  of  influenza,  and  during  an  epidemic  of  bronchopneu- ' 
monias,  irregular  types  of  lobar  pneumonias,  and  cases  of  bron- 
chitis frequently  have  symptoms  so  closely  alike  that  the  nature  of 
the  bacteria  active  in  the  case  is  very  frequently  different  from  that 
supposed  by  the  clinician.  Thus  in  four  consecutive  autopsies  ex- 
amined by  the  writer  the  influenza  bacillus  was  found  almost  in 
pure  culture  in  one  case  believed  to  be  due  to  the  pneumococcus,  and 
entirely  absent  in  two  of  the  three  believed  to  be  due  to  it.  Except  for 
these  examinations  the  clinician  would  be  of  the  opinion  that  he  had 
clearly  diagnosed  bacteriologically  the  cases,  while  in  fact  he  had 
been  wrong  in  three  of  the  four. 

The  striking  symptoms  in  acute  respiratory  diseases  are  frequently 
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more  due  to  the  location  of  the  lesions  than  to  the  special  variety  of 
organisms  producing  them.  In  epidemics  of  influenza  there  are, 
of  course,  many  cases  which,  on  account  of  their  characteristic  symp- 
toms, can  be  f  airiy  certainly  attributed  to  the  influenza  bacilli.  Even 
under  these  circumstances  error  may  be  made,  as,  for  instance,  two 
cases  of  apparently  typical  influenza  were  reported  in  a  household 
and  both  showed  a  total  absence  of  influenza  bacilli.  The  pneumo- 
coccus  was  present  in  almost  pure  culture. 

Examination  of  Sputum  for  Influenza  Bacilli. — 1.  Sputum 
coughed  from  the  deeper  air  passages  and  not  from  throat  scraping 
should  be  used. 

2.  The  sputum  should  be  received  in  a  sterile  bottle,  which  should 
then  be  placed  immediately  in  cracked  ice. 

3.  Blood-agar  plates  should  be  made  by  dropping  a  drop  of  fresh 
rabbit's  blood,  obtained  aseptically,  on  the  centre  of  a  hardened 
agar  plate. 

4.  One  oi  the  more  solid  masses  of  the  sputum  should  be  taken 
from  the  bottle  with  sterile  forceps  and  placed  on  a  plain  agar  plate. 
A  small  portion  of  this  mass  should  be  separated  with  a  sterile  plati- 
num needle  and  drawn  through  the  blood  on  the  blood-agar  plate 
from  the  centre  out  in  different  directions.  The  larger  part  of  what 
is  left  of  this  small  portion  is  then  placed  in  a  similar  manner  over 
a  second  blood  agar,  and  from  this  to  a  third,  sterilizing  the  needle 
between  the  transfers.  The  plates  should  be  placed  in  the  thermo- 
stat for  tweniy-f our  hours. 

5.  After  the  plates  are  planted  two  smears  should  be  made,  one 
stained  by  Gram  and  the  other  by  weak  carbol-fuchsin. 

6.  After  twenty-four  hours  the  plates  are  examined  imder  low 
power.  The  influenza  colonies  use  up  the  hcemoglobin,  and  in  parts 
of  the  blood-agar  plate  where  the  blood  is  of  right  thickness  such 
colonies  show  as  almost  clear  areas  surrounded  by  the  red  blood. 
With  a  higher  power  (N'o.  6  or  7  objective),  if  such  areas  seem  to  be 
made  up  of  fine  indefinite  granulations,  they  are  practically  sure  to 
be  influenza  colonies.  Most  influenza  Colonies  are  more  highly  re- 
fractive than  other  light  colonies,  and  they  show  this  characteristic 
best  when  they  grow  on  the  edge  of  a  blood  mass.  Many  influenza 
colonies  also  show  heapings  in  the  centre.  Influenza  colonies  grow- 
ing away  from  the  blood  cells  are  less  characteristic  in  appearance 
and  less  easily  differentiated  from  other  bacteria. 

7.  Fishings  from  the  influenza-like  colonies  should  be  planted  on 
blood-agar  tubes,  and  if,  after  twenty-four  hours  in  the  thermostat, 
the  resulting  growth  should  consist  of  influenza-like  organisms,  plant- 
ings should  be  made  on  plain  agar.  The  first  generation  on  plain 
agar  may  show  slight  growth  because  of  the  blood  carried  over  from 
the  original  tube,  but  the  second  generation  should  show  no  growth 
if  the  organism  is  the  influenza  bacillus. 

8.  The  agglutination  characteristics  of  the  cultures  should  be 
tested  in  the  serum  from  a  rabbit  injected  with  a  single  typical  cul- 
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ture,  and  in  the  serum  from  one  injected  with  a  number  of  cultures. 
The  agglutination  tests  should  be  carried  out  in  order  to  gain  infor- 
mation. The  cultures  tested  in  the  Research  Laboratory  have  shown 
considerable  variation. 

For  Testing  the  Agglutination  of  Influenza  Bacilli  in  the  Hanging 
Drop. — Grow  the  cultures  on  slanted  agar  tubes  to  which,  after  cool- 
ing to  40°  C,  /4  cc.  of  defibrinated  blood  has  been  added.  When 
twenty  to  twenty-four  hours  old  make  a  suspension  of  the  bacilli  in 
normal  salt  solution,  controlling  the  number  of  bacilli  by  examining 
a  hanging-drop  preparation.  The  influenza  bacilli  seem  to  aggluti- 
nate rather  slowly;  so  it  usually  takes  four  to  five  hours  to  get  a 
good  reaction. 

Serum  Therapeutics. — l^o  protective  serum  has  been  produced 
which  has  any  value  in  treatment. 

THE  KOOH-WEEKS  BAOILLUS  OF  OONJUNOTIVITIS. 

This  bacillus  was  first  observed  by  R  Koch  in  1883  while  making 
certain  investigations  into  inflammation  of  the  eye  occurring  during 
an  epidemic  of  cholera  in  Alexandria.  It  was  later,  in  1887,  more 
specifically  described  by  Weeks  in  New  York.  Weeks  obtained  it  in 
pure  culture  in  1890. 

The  infective  disease  which  is  caused  by  this  bacillus  seems  to  be 
very  widely  distributed,  no  land  or  clime  probably  being  exempt 
from  it.  In  this  country  it  occurs  epidemically  and  with  increasing 
frequency  during  the  spring  and  fall  months.  Weeks  has  found 
the  bacillus  in  over  1000  cases  in  New  York  City. 

Morphology. — The  bacilli  from  the  purulent  secretions  are  small 
and  slender,  being  not  unlike  the  influenza  bacilli  but  somewhat 
longer.  They  vary  in  length  from  0.5  to  1/*  or  even  2ft  occasionally ; 
the  longer  forms  are  apparently  unions  of  thread-like  filaments. 
The  shorter  bacilli  not  infrequently  have  the  appearance  of  diplo- 
cocci.  Sometimes  they  exhibit  slight  polar  staining.  Their  width 
is  very  constant  The  ends  are  rounded.  They  are  rapidly  decolor- 
ized by  Gram. 

Staining. — They  are  best  stained  by  very  dilute  solutions  of  ear- 
bol-fuchsin  or  Loeffler's  metliylene-blue,  but  do  not  stain  readily. 

In  smear  preparations  the  Koch-Weeks  bacilli  are,  as  a  rule,  seen 
alone  or  associated  with  isolated  cocci  and  bacilli,  especially  xerosis 
bacilli.  They  are  not  infrequently  obsen^ed  within  the  cells,  and 
are  very  rarely  associated  with  gonococci  and  pneumococci,  such 
mixed  infections  being  extremely  uncommon. 

Biological  Characters. — The  Koch-Weeks  bacillus  grows  only  at 
incubator  temperature.  Of  the  ordinary  culture  media  none  but 
moist  and  slightly  alkaline  peptone  agar  can  be  employed.  Special 
media  are  required  generally  for  its  cultivation.  The  best  results 
have  been  obtained  with  serum  agar  or  a  mixture  of  glycerin  agar 
and  ascitic  fluid,  2  to  1.     Pure  cultures  are  rarely  obtained  at  first; 
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they  are  usually  associated  with  colonies  of  xerosis  bacilli  or  staphy- 
lococci. After  twenty-four  to  forty-eight  hours  the  colonies  are 
noticeable  as  moist,  transparent,  shining  drops  or  points.  Micro- 
scopically examined  under  low  magnifying  power  they  appear  like 
small  gas  bubbles;  by  closer  examination  they  are  seen  to  be  round, 
lying  loosely  on  the  surface,  and  are  readily  removed.  Under  higher 
magnification  a  number  of  fine  points  are  observable.  The  colonies, 
which  resemble  those  of  influenza,  have  a  tendency  to  confluesce,  but 
are  not  so  sharply  defined  as  the  latter  and  become  more  quickly  in- 
distinguishable. Isolated  colonies,  especially  those  in  the  neighbor- 
hood of  xerosis  bacilli  or  staphylococci,  grow  larger  and  their  con- 
tour is  slightly  wavy ;  they  are  more  opaque  and  granular  than  in- 
fluenza colonies.  In  serum  or  blood  bouillon  a  slight  cloudiness  is 
produced  which  finally  settles  down. 

Resistance. — In  culture  media  the  bacilli  die  rapidly,  seldom  liv- 
ing more  than  five  days.  Development  ceases  at  20°.  They  resist 
a  temperature  of  50°  for  ten  minutes,  but  cannot  withstand  60°  for 
more  than  one  or  two  minutes.  Kept  for  one  and  a  half  hours  at 
— 7°  they  still  remain  alive.  Exposure  to  the  sun's  rays  for  one- 
half  hour  does  not  kill  them,  but  at  the  end  of  two  and  one-half  hours 
they  die.     They  cannot  resist  drying  for  any  length  of  time. 

Transmission. — This  occurs  only  by  contact  either  by  direct  or  in- 
direct conveyance  of  the  moist  infective  material.  Infection  is  not 
communicated  through  the  air  by  means  of  dust,  as  the  bacilli  soon 
die  when  dried.     It  may,  however,  be  conveyed  by  flies,  etc. 

Pathogenesis. — The  Koch-Weeks  bacillus  is  not  pathogenic  for 
animals.  Man,  on  the  contrary,  is  extremely  susceptible  to  infection 
from  this  bacillus,  which  produces  one  of  the  most  contagious  diseases 
known. 

Immunity. — Immunity  is  not  produced  to  any  extent  by  one  at- 
tack, but  there  does  seem  to  be  an  individual  susceptibility  to  the 
disease. 

Differential  Diagnosis. — The  only  micro-organisms  from  which 
the  Koch- Weeks  bacillus  would  seem  to  require  differentiation  are 
those  of  the  influenza  group.  These  latter  bacilli,  however,  grow  well 
only  on  haemoglobin  media,  which  the  Koch- Weeks  bacillus  does  not 
require.  The  colonies  on  serum  agar  arc  smaller  than  those  of  the 
influenza  bacilli  and  the  edges  more  granular.  While  the  influenza 
bacillus  is  slightly  pathogenic  for  certain  animals,  the  Koch-Weeks 
bacillus  has  so  far  given  negative  results  with  all  animals. 


CHAPTEK  XXVL 
THE  PYOGENIC  COCCI. 

THE  STAPHTLOOOOOL 

Staphylococci  were  first  obtained  from  pus  by  Pasteur  in  1880. 
In  1881  Ogston  showed  that  they  frequently  occurred  in  abscesses, 
and  in  1884  Kosenbach  fully  demonstxated  their  etiological  impor- 
tance in  circumscribed  absoessesj  osteomyelitis,  etc  Of  the  staphy- 
lococci those  producing  yellow  and  white  pigments  are  by  far  the 
most  important  since  they  are  the  pathogenic  varieties. 

The  Staphylococcus  Pyogenes  Aureus. — The  Staphylococcus  au- 
reus is  one  of  the  commonest  pathogenic  bacteria,  being  usually 
present  in  the  skin  and  mucous  membranes,  and  is  the  organ- 
ism most  frequently  concerned  in  the  production  of  acute,  circum- 
scribed, suppurative  inflammations. 

Morphology. — Small,  spherical  cells,  having  a  diameter  of  0.7m 
to  0.9fi,  occurring  solitary,  in  pairs  as  diplococci,  in  short  rows  of 
three  or  four  elements,  or  in  groups  of  four,  but  most  commonly  in 
irregular  masses,  simulating  clusters  of  grapes;  hence  the  name 
staphylococcus.     (See  Fig.  109.) 

Staining. — It  stains  quickly  in  aqueous  solutions  of  the  basic  ani- 
line colors  and  with  many  other  dyes.  When  previously  stained 
with  aniline  gentian  violet  it  is  not  decolorized  by  Gram's  method. 
When  slightly  stained  each  sphere  frequently  is  seen  to  be  already 
dividing  into  two  semispherical  bodies. 

Biology. — The  Staphylococcus  pyogenes  aureus  is  an  aerobic,  fac- 
ultative anaerobic  micrococcus,  growing  at  a  temperature  from  8®  to 
43°  C,  but  best  at  25°  to  35°  C.  The  staphylococci  grow  readily 
on  all  the  common  laboratory  media,  such  as  milk,  bouillon,  nutrient 
gelatin,  or  agar.  A  slightly  alkaline  reaction  to  litmus  is  best  for 
Sie  growth  of  the  staphylococci,  but  they  also  grow  in  slightly  acid 
media. 

Otdtiyation. — ^Growth  in  Nutrient  Bouillon — The  growth  of  the 
staphylococcus  is  rapid,  reaching  about  50,000,000  per  cc.  at  the  end 
of  twenty-four  hours  at  30°  C.  The  bouillon  is  cloudy  and  frequently 
has  a  thin  pellicle.  Later  a  slimy  sediment  forms.  The  odor  is  dis- 
agreeable.    In  peptone-water,  growth  occurs  with  indol  production. 

Chrowth  on  Gelatin. — Grown  on  gelatin  plates  it  develops,  at  room- 
temperature,  within  forty-eight  hours,  punctiform  colonies,  which 
when  examined  under  a  low-power  lens,  appear  as  circular  disks  of  a 
pale-brown  color,  somewhat  darker  in  the  centre,  and  surrounded  by 
a  smooth  border.  The  colonies  grow  rapidly.  The  appearance  of  the 
growth  is  most  characteristic.     Immediately  surrounding  the  colon- 
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ies,  which  are  of  a  pale-yellow  color,  there  is  a  deepening  of  the  sur- 
face of  the  gelatin,  due  to  its  liquefaction.  By  suitable  light  a  num- 
ber of  these  shallow  depressions  with  sharply  defined  outlines  may  be 
seen  on  the  gelatin  plate,  having  a  diameter  of  from  5  to  10  mm.,  in 
the  centres  of  which  lie  the  yellow  colonies.  Later  the  liquefaction 
becomes  general,  the  colonies  running 
together.  In  stab  cultures  in  gelatin  a 
white  confluent  growth  at  first  appears 
along  the  line  of  puncture,  followed  by 
liquefaction  of  the  medium,  which  rap- 
idly extends  to  the  sides  of  the  test-tube. 
At  the  end  of  two  days  the  yellow  pig- 
mentation begins  to  form,  and  this  in- 
creases in  intensity  for  eight  days.  Fi- 
nally, the  gelatin  is  completely  liquefied, 
and  the  staphylococci  form  a  golden- 
yellow  or  orange-colored  deposit  at  the 

bottom  of  the  tube.     Under  unfavorable         staphylococcus,    x  iioo 
conditions     the     staphylococcus     aureus  diameters, 

gradually    loses   its    ability    to    make    pigment    and    to    liquefy 
gelatin. 

€hrowih  on  Agar. — In  streak  and  stab  cultures  on  agar  a  whitish 
growth  is  at  first  produced,  and  this  at  the  end  of  a  few  days  becomes 
a  faint  to  a  rich  golden-yellow  on  the  surface.  The  yellow  pigmenta- 
tion is  produced  only  in  the  presence  of  oxygen;  colonies  found  at 
the  bottom  of  a  stab  culture  or  under  a  layer  of  oil  remain  white. 

Milk. — ^Milk  inoculated  with  this  micrococcus  is  coagulated  at  the 
end  of  from  one  to  eight  days. 

€hrowih  on  Potato. — Upon  this  substance  the  staphylococci  grow 
readily  and  produce  abundant  pigment. 

Growth  on  Loeffler's  Solidified  Blood  Serum. — Growth  vigorous,  with 
fairly  good  pigment  production.  Some  varieties  slowly  liquefy  the 
serum. 

€hrowth  on  Blood  Agar. — If  nutrient  agar  to  which  a  little  animal 
blood  has  been  added  is  streaked  with  staphylococci  there  appears,  at 
the  end  of  twenty-four  hours  at  35°  C,  about  the  growth  a  clear  zone, 
owing  to  the  hsemolytic  effect  of  the  staphylococcus  products. 

In  certain  culture  media,  as  a  result  of  the  growth  of  the  staphylo- 
coccus aureus,  there  is  a  production  of  add  in  considerable  quanti- 
ties, these  consisting  chiefly  of  lactic,  butyric,  and  valerianic  acids. 
These  acids  have  been  supposed  to  play  a  part  in  the  production  of 
pus,  in  which,  according  to  some  observers,  they  are  often  present. 

Resistance. — The  staphylococcus  is  distinguished  from  most  other 
pathogenic  bacteria  by  its  comparatively  greater  power  of  resistance 
to  outside  influences,  desiccation,  etc.,  as  well  as  to  chemical  disin- 
fectants. Cultures  of  the  staphylococcus  pyogenes  in  gelatin  or  agar 
retain  their  vitality  for  a  year  or  more.  Suspended  in  water  its 
thermal   death   point  varies  with   different  cultures  and   averages 
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about  two  hours  at  50°  C,  one-half  to  one  hour  at  60°  C,  ten 
minutes  at  70°  C,  and  five  minutes  at  80°  C.  Upon  silk  threads 
and  in  media  ridi  in  organic  matter  its  resistance  is  greater,  but  sub- 
jected to  80°  C.  for  thirty  minutes  or  boiling  for  two  minutes  it  is 
almost  surely  killed.  Cold  has  but  little  effect  Thirty  per  cent,  of 
the  organisms  remained  alive  after  being  subjected  by  us  to  freezing 
in  liquid  air  for  thirty  minutes. 

They  are  quite  resistant  to  direct  sunlight  and  to  drying.  Dried 
pus  contains  living  staphylococci  for  weeks  and  even  months,  and 
they  can  be  found  alive  in  the  fine  dust  of  the  air  in  living  and  in 
operating  rooms. 

In  water  they  remain  alive  for  several  weeks.  To  most  disin- 
fectants the  staphylococci  are  rather  resistant.  The  presence  with 
staphylococci  of  organic  substances,  especially  albumin,  increases 
their  resistance.  In  watery  solution  dissolved  mercuric  chloride, 
1 :  1000,  destroys  the  organisms  in  five  to  fifteen  minutes,  but  when 
in  pus  not  for  several  hours. 

Hydrogen  peroxide  in  1  per  cent  solution  kills  in  about  one-half 
hour.  Methyl  alcohol  in  50  per  cent  solution  kills  staphylococci  on 
silk  threads  in  ten  minutes.  The  same  effect  is  obtained  by  carbolic 
acid  in  3  per  cent  solution  or  lysol  in  1  per  cent  solution.  Formal- 
dehyde in  watery  solution  acts  only  in  concentrations  of  5  per  cent, 
or  over. 

Pathogenesis. — The  pathogenic  effect  of  the  Staphylococcus  pyo- 
genes avreus  on  test  animals  varies  considerably,  according  to  the 
mode  of  application  and  the  virulence  of  the  special  culture  em- 
ployed. In  man  a  simple  rubbing  of  the  surface  of  the  unbroken 
skin  with  pus  from  an  acute  abscess  is,  as  a  rule,  sufficient  to  pro- 
duce a  purulent  inflammation,  and  the  introduction  of  a  few  germs 
from  a  septic  case  into  a  wound  may  lead  to  a  fatal  pyaemia.  These 
conditions  can  only  be  reproduced  in  lower  animals  with  difficulty, 
and  by  the  inoculation  of  large  quantities  of  the  culture.  Small 
subcutaneous  injections,  or  the  inoculation  of  open  wounds  in  mice, 
guinea-pigs,  and  rabbits,  are  commonly  without  result;  occasionally 
abscess  formation  may  follow  at  the  point  of  inoculation,  which 
usually  ends  in  recovery!  The  pus-producing  property  of  the  organ- 
ism is  exhibited  in  proportion  to  the  virulence  of  the  culture  em- 
ployed. Slightly  virulent  cultures,  which  constitute  the  majority 
of  those  obtained  from  pus  taken  from  the  human  subject,  when  in- 
jected subcutaneously  in  large  quantities  (several  cc  of  a  fresh 
bouillon  culture)  in  rabbits  or  guinea-pigs,  give  rise  to  local  patho- 
logical lesions — acute  abscesses.  When  virulent  cultures  are  used — 
which  are  rarely  obtainable — 0.5  cc.  of  a  fresh  bouillon  culture  is 
sufficient  to  produce  similar  results.  The  abscesses  generally  heal 
without  treatment;  sometimes  the  animals  die  from  marasmus  in 
consequence  of  the  suppurative  process.  In  intraperitoneal  inocula- 
tions the  degree  of  virulence  of  the  culture  employed  is  still  more 
conspicuous  in  the  effects  produced.     The  animals  usually  die  in 
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from  two  to  nine  days.  The  most  characteristic  pathological  les- 
ions are  found  in  the  kidneys,  which  contain  numerous  small  collec- 
tions of  pus,  and  under  the  microscope  present  the  appearances  re- 
sulting from  embolic  nephritis.  Punctiform,  whitish-yellow  masses 
of  the  size  of  a  pea  are  found  permeating  the  pyramids.  Many  of 
the  capillaries  and  some  of  the  smaller  arteries  of  the  cortex  are 
plugged  up  with  thrombi,  consisting  of  micrococci.  Metastatic  ab- 
scesses may  also  be  observed  in  the  joints  and  muscles.  The  micro- 
cocci may  be  recovered  in  pure  cultures  from  the  blood  and  the  va- 
rious organs ;  but  they  are  not  numerous  in  the  blood  and  are  often 
difficult  to  demonstrate  microscopically.  Intravenous  inoculations 
of  animals  are  followed  by  similar  pathological  changes.  Orth  and 
Wyssokowitsch  first  pointed  out  that  injection  of  staphylococci  into 
the  circulation  of  rabbits  whose  cardiac  valves  have  previously  been 
injured  produced  ulcerative  endocarditis.  Subsequently,  Weichsel- 
baum,  Prudden,  and  Fraenkel  and  Sanger  obtained  confirmatory 
results,  thus  establishing  the  fact  that  when  the  valves  are  first  in- 
jured, mechanically  or  chemically,  the  injection  into  a  vein  of  a 
pure  culture  of  staphylococcus  aureus  gives  rise  to  a  genuine  ulcera- 
tive endocarditis.  It  has  been  further  shown  by  Kibbert  that  the 
same  result  may  be  obtained  without  previous  injury  to  the  valves 
by  injecting  into  a  vein  the  staphylococcus  from  a  potato  culture 
suspended  in  water.  In  his  experiments  'not  only  the  micrococci 
from  the  surface  but  the  superficial  layer  of  the  potato  were  scraped 
off  with  a  sterilized  knife  and  mixed  with  distilled  water,  and  the 
successful  result  is  ascribed  to  the  fact  that  the  little  agglomerations 
of  micrococci  and  infected  fragments  of  potato  attach  themselves  to 
the  margins  of  the  valves  more  readily  than  isolated  cocci  would  do. 
Not  infrequently,  also,  in  intravenous  inoculations  of  young  animals 
there  occurs  a  localization  of  the  injected  material  in  the  marrow  of 
the  small  bones.  This  may  take  place  in  full-grown  animals  when 
the  bones  have  been  injured  or  fractured.  The  experimental  osteo- 
myelitis thus  produced  has  been  demonstrated  to  be  anatomically 
analogous  to  this  disease  in  man. 

To^c  Substances. — Filtrates  of  cultures  contain  toxic  substances. 
Injected  into  the  peritoneal  cavity  they  excite  peritonitis.  Under 
the  skin  they  produce  infiltration  or  abscess  formation.  In  the 
blood  they  injure  both  the  red  and  white  corpuscles. 

Cultures  of  the  staphylococcus,  when  sterilized  by  boiling  and  in- 
jected subcutaneously,  produce  marked  positive  chemotaxis  and  often 
local  abscesses.  Leber  found  also  that  sterilized  cultures  introduced 
into  the  anterior  chamber  of  the  rabbit's  eye  would  bring  about  a 
fibro-purulent  inflammation,  the  cornea  becoming  infiltrated,  and 
perforation  alongside  of  the  sclerotic  ring  finally  taking  place.  This 
was  followed  by  the  formation  of  pus  in  the  anterior  chamber  and 
recovery.  These  local  changes  follow  the  inoculation  of  small  quan- 
tities only  of  the  dead  cultures ;  but  when  large  amounts  are  injected 
into  a  vein  or  into  the  abdominal  cavity,  toxic  effects  are  produced. 
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The  hsemolytic  effects  of  certain  products  of  virulent  staphylococci 
have  recently  been  studied.  In  cultures  they  can  be  detected  about 
the  third  or  fourth  day  of  incubation  and  reach  their  maximum  on 
the  ninth  to  fourteenth  day.  Virulent  staphylococci  are  more  apt  to 
produce  this  substance  than  the  non-virulent,  but  there  is  no  definite 
rule. 

A  poison  which  injures  leukocytes  is  also  produced.  This  is  de- 
stroyed at  about  57°  C. 

Other  poisons  of  less  definite  properties  are  also  found  in  the 
filtrate. 

Immimization. — Immunity  against  staphylococcus  infection  may 
be  produced  in  different  animal  species  by  the  injection  of  increasing 
doses  of  the  pure  culture,  either  living  or  previously  sterilized  by 
heating.  Wright  and  later  others  have  injected  dead  cultures  with 
good  results  in  persons  suffering  from  staphylococcus  infections  such 
as  boils,  acne,  etc.     See  opsonins,  p.  181. 

The  blood  serum  of  animals  which  have  been  immunized  by  means 
of  living  or  dead  cultures  possesses  slight  immunizing  and  curative 
effects  in  other  animals,  but  no  practical  use  of  the  serum  has  been 
attempted  in  man. 

Occurrence  in  Man. — ^Practically  all  micro-organisms  have  been 
shown  by  experiment  to  produce,  under  certain  conditions,  the  for- 
mation of  pus  by  their  products  when  inoculated  into  the  animal 
body;  but,  while  this  has  been  demonstrated,  the  researches  of  bac- 
teriologists show  that  only  a  few  species  are  usually  concerned  in 
the  production  of  acute  abscesses  in  man.  Of  these  the  two  most 
important,  by  reason  of  their  frequent  occurrence  and  pathogenic 
power,  are  Staphylacoccus  pyogenes  and  Streptococcus  pyogenes. 
These  two  organisms  are  often  found  in  the  same  abscess ;  thus,  Pas- 
set,  in  33  cases  of  acute  abscess,  found  Stapkylococcus  aureus  and 
albus  associated  in  11,  alhus  alone  in  4,  alhus  and  dtreus  in  2,  Strep- 
tococcus pyogenes  alone  in  8,  albus  and  Streptococcus  in  1,  and  albus, 
citreuSj  and  streptococcus  in  1.  The  staphylococcus  is  liable  to  enter 
as  a  mixed  infection  into  most  infections  due  to  other  bacteria,  and 
is  almost  always  met  with  in  all  inflammations  of  iiie  skin  and 
mucous  membranes  or  in  cavities  connected  with  them. 

The  staphylococcus  (staphylococcus  aureus)  has  been  demon- 
strated not  only  in  furuncles  and  carbuncles,  but  also  in  various 
pustular  affections  of  the  skin  and  mucous  membranes — impetigo, 
sycosis,  purulent  conjunctivitis  and  inflammation  of  the  lacrymal 
sac ;  in  acute  abscesses  formed  in  the  lymphatic  glands,  the  parotid 
gland,  the  tonsils,  the  mammse,  etc. ;  in  metastatic  abscesses  and  puru- 
lent collections  in  the  joints;  in  empyema,  infectious  osteomyelitis, 
ulcerative  endocarditis,  pyelonephritis,  abscess  of  the  liver,  phlebitis, 
etc.  It  is  one  of  the  chief  etiological  factors  in  the  production  of 
pya?mia  in  the  various  pathological  forms  of  that  condition  of  dis- 
ease. It  is  remarkable  how  many  staphylococci  may  be  present  in 
the  blood  without  a  fatal  result,  if  the  original  source  of  infection 
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is  removed.  We  met  with  one  case  in  which  over  800  staphylococci 
were  present  in  1  cc.  of  blood.  A  week  later  only  five  were  found. 
The  patient  finally  died  from  pneumonia. 

Not  all  persons  are  equally  susceptible  to  infection  by  the  staphy- 
lococcus; those  who  are  in  a  cachectic  condition  or  suffering  from 
constitutional  diseases^  like  diabetes,  are  especially  predisposed  to 
infection.  In  healthy  individuals  certain  parts  of  the  body,  as  the 
back  of  the  neck  and  the  buttocks,  are  more  liable  to  be  attacked  than 
others,  with  the  production  of  furuncles,  carbuncles,  etc.  In  persons  in 
whom  sores  are  readily  caused,  in  consequence  of  disturbances  of 
nutrition,  as  in  exhausting  diseases,  the  micrococci  settle  at  the 
points  of  least  resistance.  Such  conditions  are  present  in  the  bones 
of  debilitated  young  children,  in  fractures,  and  in  injuries  in  general. 

The  pyogenic  properties  of  the  staphylococcus  have  been  demon- 
strated upon  man  by  numerous  experiments.  Garre  inoculated  a 
small  wound  at  the  edge  of  one  of  his  finger-nails  with  a  minute 
quantity  of  a  pure  culture,  and  purulent  inflammation,  extending 
around  liie  margin  of  the  nail,  resulted  from  the  inoculation.  Staph- 
ylococcus aureus  was  recovered  in  cultures  from  the  pus  thus 
formed.  The  same  observer  applied  a  considerable  quantity  of  a 
pure  culture  obtained  from  this  pus — third  generation — to  the  \m- 
broken  skin  of  his  forearm,  rubbing  it  well  into  the  skin.  At  the 
end  of  four  days  a  large  carbuncle,  surrounded  by  isolated  furuncles, 
developed  at  the  point  where  the  culture  had  been  applied.  This 
ran  the  usual  course,  and  it  was  several  weeks  in  healing.  No  less 
than  seventeen  scars  remained  to  testify  to  the'  success  of  the  experi- 
ment 

Staphylococcus  Pyogenes  Albus. — It  is  morphologically  identi- 
cal with  the  Staphylococcus  pyogenes  aureus,  and  is  probably  the 
same  organism  which  has  lost  the  property  of  producing  pigment 
On  the  average  it  is  somewhat  less  pathogenic  and  seldom  produces 
pyaemia  or  grave  infections.  The  surface  cultures  upon  nutrient  agar 
and  potato  have  a  milk-white  color.  Its  biologi«il  characters  are 
not  to  be  distinguished  from  the  Staphylococcus  OAireus. 

The  majority  of  bacteriologists  agree  with  Eosenbach,  that  the 
aureus  is  found  at  least  twice  as  frequently  in  human  pathological 
processes  as  the  albus. 

Staphylococcus  Epidermidis  Albus  (Welch). — Probably  identical 
with  the  Staphylococcus  pijogenes  albus.  With  reference  to  this 
micrococcus,  Welch  says :  "  So  far  as  our  observations  extend — and 
already  they  amount  to  a  large  number — this  coccus  may  be  regarded 
as  nearly,  if  not  quite,  a  constant  inhabitant  of  the  epidermis.  It 
is  now  clear  why  I  have  proposed  to  call  it  the  Staphylococcus  epi- 
dermidis albus.  It  possesses  such  feeble  pyogenic  capacity,  as  is 
shown  by  its  behavior  in  wounds,  as  well  as  by  experiments  on  rab- 
bits, that  the  designation  Staphylococcus  pyogenes  albus  does  not  seem 
appropriate.  Still,  I  am  not  inclined  to  insist  too  much  upon  this 
point,  as  very  probably  this  coccus — ^which  has  hitherto  been  un- 
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questionably  identified  by  others  with  the  ordinary  Staphylococcus 
pyogenes  alhus  of  Rosenbach — is  an  attenuated  or  modified  form  of 
the  latter  organism,  although,  as  already  mentioned,  it  presents  some 
points  of  difference  from  flie  classical  description  of  the  white  pyo- 
genic coccus.'^ 

According  to  Welch,  this  coccus  differs  from  the  Staphylococcus 
alhus  in  the  fact  that  it  liquefies  gelatin  more  slowly,  does  not  so 
quickly  cause  coagulation  in  milk,  and  is  far  less  virulent  when  in- 
jected into  the  circulation  of  rabbits.  It  has  been  shown  by  the  ex- 
periments of  Bossowski  and  of  Welch  that  this  micro-organism  is 
very  frequently  present  in  aseptic  wounds,  and  that  usually  it  does 
not  materially  interfere  with  the  healing  of  wounds,  although  some- 
times it  appears  to  cause  suppuration  along  the  drainage  tube,  and  it 
is  the  common  cause  of  "  stitch  abscess." 

Staphylococcus  Pyogenes  Oitreus  and  other  Staphylococci.— 
Isolated  by  Passet  (1885)  from  the  pus  of  acute  abscesses,  in  which 
it  is  occasionally  found  in  association  with  other  pyogenic  cocci.  It 
is  distinguished  from  the  other  species  only  by  the  formation  of  a 
lemon-yellow  pigment. 

Many  other  varieties  of  staphylococci  have  been  occasionally  met 
with  which  differ  in  some  respects  from  the  typical  varieties.  This 
difference  may  be  in  the  fact  that  they  liquefy  gelatin  more  slowly 
or  not  at  all,  or  in  pigment  formation,  or  in  agglutination,  or  in  still 
other  respects.     None  of  these  varieties  are  of  great  importance. 

The  IHicrococcus  Tetragenus. — This  organism  was  discovered  by 
Gaffky  (1881).  It  is  not  infrequently  present  in  the  saliva  of 
healthy  individuals  and  in  the  sputum  of  consumptive  patients.  In 
sputum  it  is  sometimes  an  evidence  of  mouth  contamination  rather 
than  lung  infection.  It  has  repeatedly  been  observed  in  the  walls  of 
cavities  in  pulmonary  tuberculosis  associated  with  other  pathogenic 
bacteria,  which,  though  playing  no  part  in  the  etiology  of  the  original 
disease,  contribute,  doubtless,  to  the  progressive  destruction  of  the 
lung.  Its  pyogenic  character  is  shown  by  its  occasional  occurrence 
in  the  pus  of  acute  abscesses.  Its  presence  has  also  been  noted  in  the 
pus  of  empyema  following  pneumonia. 

Morphology. — Micrococci  having  a  diameter  of  about  1/*,  which 
divide  in  two  planes,  forming  tetrads,  and  bound  together  by  a  trans- 
parent, gelatinous  substance,  enclosing  the  cell  like  a  capsule.  In 
cultures  the  cocci  are  seen  in  various  stages  of  division  as  large, 
round,  undivided  cells,  in  pairs  of  oval  elements,  and  in  groups  of 
three  and  four  (Fig.  110).  When  the  division  is  complete  they  re- 
mind one  of  carcinse  in  appearance,  except  that  they  do  not  divide 
in  three  directions  and  are  not  built  up  like  dimunitive  cotton  bales. 

Staining. — This  micrococcus  stains  readily  with  the  ordinary  ani- 
line dyes ;  the  transparent  gelatinous  envelope  is  only  feebly  stained. 
It  is  not  decolorized  by  Gram's  method. 

Biology. — The  growth  of  this  micrococcus  is  slow  under  all  condi- 
tions.    It  grows   both  in    the  presence  and  absence  of    oxygen;  it 
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grows  best  from  35°  to  38°  C,  but  may  be  cultivated  also  at  the  ordi- 
nary room-temperature — about  20°  C. 

Orowth  on  Gtelatin. — On  gelatin  plates  small,  white  colonies  are 
developed  in  from  twenty-four  to  forty-eight  hours,  which,  when  ex- 
amined under  a  low-power  lens,  are  seen  to  be  spherical  or  lemon- 
shaped,  grayish-yellow  disks,  with  a  finely  granular  or  mulberry- 
like  surface,  and  a  uniform  but  somewhat  roughly  dentated  border. 
When  the  deep  colonies  push  forward  to  the  surface  of  the  gelatin 
they  form  white,  elevated,  drop-like  masses,  having  a  diameter  of  1 
to  2  mm.  In  gelatin  stick  cultures  the  colonies  may  be  either  iso- 
lated or  confluent,  in  the  latter  case 
forming  a  thick,  white,  slimy  mass,  fill-  ^^^'  ^^^ 

ing  out  the  fissures  all  along  the  line 
of  puncture;  on  the  surface  a  broad, 
thick  layer  of  4  to  5  mm.  in  extent  is 
apparent.     The  gelatin  is  not  liquefied. 

Orowth  on  Agar  and  Blood  Serum.  —    I  ^^^^^C^^^ 

The  colonies  appear  as  small  transparent,    [  ^\:v^K'?.Vf'*'^L,^ 

round  points,  which  have  a  grayish-yellow  ^'^J?i*»  .?*  ♦^ 

color  and  are  slightly  elevated  above  the  >}I;'*ic''^  %? 

surface  of  the  medium.  %t^x-'i' " V^ 

Pathogenesis. —  Subcutaneous     injec-  "^<>'^*jt'.  \^^' 

tions  of  a  culture  of  this  micrococcus 
in  minute  quantity  is  usually  fatal  to  ^^riooTdiameTfr"^^ 

white  mice.     The  micrococci  are  found 

in  comparatively  small  numbers  in  the  blood  of  the  vessels  and  heart, 
but  are  more  numerous  in  the  spleen,  lungs,  liver,  and  kidneys.  In- 
traj)eritoneal  injections  given  to  guinea-pigs  and  mice  are  followed 
by  purulent  peritonitis,  beautifully  formed  cocci  in  groups  of  four 
being  obtained  in  immense  numbers  from  the  exudate.  Rabbits  and 
dogs  are  not  affected  by  large  doses  of  a  culture  subcutatieonsly  or 
intravenously  administered. 

The  serum  from  immunized  cases  has  not  been  used  therapeutically 
in  human  infection. 

THE  STBEPTOOOOOI. 

Under  this  name  must  be  included  not  only  the  streptococci  which 
excite  inflammation  in  man,  but  all  spherical  bacteria  which  divide, 
as  a  rule,  in  one  plane  only  and  hold  cocci  together  in  longer  or 
shorter  chains.  This  name  comprises  by  no  means  so  many  va- 
rieties of  bacteria  as  are  grouped  under  the  title  bacilli.  There  are, 
nevertheless,  a  considerable  number  of  distinct  groups  of  streptococci 
which  differ  decidedly  both  in  their  cultural  characteristics  and  their 
pathogenic  properties.  The  streptococci  average  about  1/*  in  diam- 
eter. None  of  them  forms  spores  or  are  motile.  They  are  rather 
easily  killed  by  disinfectants.  Those  that  are  pathogenic  develop 
wholly  or  almost  gp  m  OT  on  the  bodies  of  man  and  animals. 
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Streptococcus  Pyogenes. — The  group  of  streptococci  which  in  its 
importance  as  related  to  human  infections  outweighs  all  other  strepto- 
cocci, is  that  which  comprises  the  streptococci  which  excite  erysipelas, 
many  cases  of  cellulitis,  abscess,  septicaemia,  pneumonia,  etc.,  and 
passes  under  the  name  of  Streptococcus  pyogenes. 

This  organism  was  first  discovered  by  Koch  in  stained  sections  of 
tissue,  attacked  by  septic  processes,  and  by  Ogston  in  the  pus  of  acute 
abscesses  (1882).  It  was  obtained  by  Fehleisen  (1883)  in  pure 
cultures  from  a  case  of  erysipelas,  its  cultural  and  pathological  char- 
acters studied  and  demonstrated  by  him  to  be  capable  of  producing 
erysipelas  in  man.  Rosenbach  (1884)  and  Krause  and  Passet 
(1885)  isolated  the  streptococcus  from  the  pus  of  acute  abscesses 
and  gave  it  the  name  of  Streptococcusi  pyogenes.  It  has  since  been 
proved  to  be  one  of  the  chief  etiological  factors  in  the  production  of 
many  suppurative  inflammations.  Formerly  the  streptococci  of  ery- 
sipelas, acute  abscesses,  septicaemia,  puerperal  fever,  etc.,  were 
thought  to  belong  to  different  species,  because  they  were  observed  to 
possess  apparent  differences  in  their  biological  and  pathological  char- 
acteristics, according  to  the  source  from  which  they  were  obtained. 
Thtis  one  species  of  streptococcus  was  believed  to  be  capable  of  caus- 
ing erysipelas  only,  anotiier  only  acute  abscesses ;  another  sepsis,"  etc., 
but  it  is  now  known  that  the  slight  differences  between  the  majoritr^' 
of  these  streptococci  are  but  acquired  non-permanent  variations  of 
organisms  derived  from  the  same  species. 

Morphology. — The  cocci,  when  fully  developed  are  spherical  or 
oval.  They  have  no  flagella  or  spores.  They  vary  from  0.4/*  to  1/* 
in  diameter.     They  vary  in  dimensions  in  different    cultures  and 

Pio.  Ill  Fig.  112 


Streptococci  In  peritoneal  fluid,  partly  en-      Streptococcus   growing  In   long  cbalns   In 
closed  In  leukocytes,     x  1000  diameters.  bouillon  culture,     x  1000  dlametere. 

even  in  different  parts  of  a  single  colony.  They  multiply  by  binary 
division  in  one  direction  only,  forming  chains  of  eight,  ten,  twenty, 
and  more  elements,  being,  however,  often  associated  distinctly  in 
pairs.  On  solid  media  the  cocci  occur  frequently  as  diplocooci,  but 
usually  they  grow  in  longer  or  shorter  chains.  Certain  cocci  fre- 
quently exceed  their  fellows  greatly  in  size,  especially  in  old  cul- 
tures, when  this   may  be  considered  to  be  the  result  of   involution 
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forms.  These  were  formerly  called  by  Hueppe  arthrospores.  Some 
varieties  have  distinct  capsules  when  growing  in  the  blood  and  in 
blood-serum  media  (Hiss). 

Staining. — ^They  stain  readily  by  aniline  colors  and  the  pyogenic 
varieties  positively  by  Gram's  metiiod.  Some  varieties,  mostly 
saprophytic,  growing  in  short  chains  are  negative  to  Gram's  stain. 

Biology. — Streptococci  grow  readily  in  various  liquid  and  solid 
culture  media.  The  most  favorable  temperature  for  their  develop- 
ment is  from  30°  to  37°  C,  but  they  multiply  rather  freely  at  ordi- 

Fio.  113  Fio.  114 


Streptococci  from  solidified  serum  cul-  Streptococci  in  throat  exudate  smeared  on 
ture    appearing    mostly    in    diplococcl.    x  cover-glass,     x  1000  diameters. 

1000  diameters. 

nary  room-temperature — 18°  to  20°  C.  They  are  facultative  anae- 
robes, growing  both  in  the  presence  and  absence  of  oxygen. 

Cultivation. — Chrowth  on  Gelatin. — Tubes  of  gelatin  which  have 
been  inoculated  with  streptococci  by  puncture  with  the  platinum 
needle  show  on  the  surface  no  growth  beyond  the  point  of  entrance. 
In  the  depth  of  the  gelatin  on  the  second  or  third  day  a  distinct,  tiny 
band  appears,  with  granular  edges  or  made  up  of  granules.  These 
granules  may  be  very  fine  or  fairly  coarse.  They  are  nearly  trans- 
lucent, with  a  whitish,  yellowish,  or  brownish  tinge.  With  char- 
acteristic cultures  the  gelatin  is  not  liquefied,  though  occasionally, 
with  saprophytic  varieties,  a  certain  amount  of  liquefaction  has  been 
observed  to  take  place. 

Growth  on  Agar. — On  agar  plates  the  colonies  are  visible  after 
twelve  to  thirty  hours'  growth  at  37°  C,  and  present  a  beautiful  ap- 
pearance when  magnified  sufficiently  to  see  the  individual  cocci  in 
the  chain.  The  colonies  are  small,  not  averaging  over  0.5  mm.  in 
diameter  (pin-head).  From  different  sources  they  vary  in  size, 
thickness,  mottling,  color,  and  in  the  appearance  of  their  borders. 
The  streptococcus  growing  in  short  chains  in  bouillon  shows  but 
little  tendency  to  form  true  loops,  but  rather  projecting  rows  at  the 
edges  of  the  colonies,  while  those  growing  in  long  chains  show  beauti- 
ful loops,  which  are  characteristic  of  this  organism.  The  colonies 
are  nearly  circular  in  shape  when  thinly  scattered  over  the  plates, 
but  irregular  in  form  when  crowded  together. 
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€hrowth  in  Bouillon. — Most  streptococci  grow  well  in  slightly  alka- 
line bouillon  at  37°  C,  readiing  their  full  development  within 
thirtj-six  to  forty-eight  honrs.  Those  which  grow  in  long  chains 
usually  ^ve  an  abundant  flocculent  deposit  and  leave  their  liquid 
clear.  The  deposit  may  be  in  grains,  in  tiny  flooculi,  in  larger  flakes, 
or  in  tough,  almost  membranous  masses,  the  differences  depending 
on  the  strength  of  union  between  the  pairs  of  cocci  in  the  diains. 
Some  of  the  streptococci  growing  in  long  chains,  however,  cause  the 
broth  to  become  cloudy.  This  cloudiness  may  be  only  temporary  or 
it  may  be  lasting.  Those  growing  in  short  chains,  as  a  rule,  cloud 
the  broth,  this  cloudiness  remaining  for  days  or  weeks.  A  granular 
deposit  appears  at  the  bottom  of  the  tube.  An  addition  of  0.5  to 
1  per  cent,  glucose  aids  the  development  of  streptococci,  but  the  acid 
produced  tends  later  to  hasten  their  death  and  make  them  lose  vini- 
lenpe.  A  trace  of  calcium  aids  the  growth.  This  is  best  added  as  a 
piece  of  marble,  which  has  the  additional  advantage  of  neutralizing 
some  of  the  acids  produced. 

Growth  in  Ascitic  or  Serum  Bouillon. — The  development  in  this, 
which  is  the  best  medium  for  the  growth  of  the  streptococcus,  is  more 
abundant  than  in  plain  bouillon,  'the  liquid  is  generally  clouded, 
and  a  precipitate  occurs  after  some  days,  the  fluid  gradually  clearing. 
The  addition  of  blood  serum  frequently  causes  streptococci,  growing 
in  short  chains  in  nutrient  bouillon,  to  produce  long  chains.  The 
reverse  is  also  true,  and  in  the  blood  all  forms  are  usually  found, 
partly,  at  least,  as  diplococci  or  in  short  chains. 

Effect  on  Inulin. — This  is  not  fermented  by  most  varieties. 

Growth  on  Solidified  Blood  Serum. — This  is  also  an  excellent  medium 
for  the  streptxDcoccus.  Tiny,  grayish  c?olonies  appear  twelve  to 
eighteen  hours  after  inoculation. 

€hrowth  in  Milk. — All  streptococci  grow  wojl  in  milk.  As  a  mle, 
when  growth  is  luxuriant  a  marked  production  of  lactic  acid  with 
coagulation  of  the  casein  occurs. 

Development  of  Haemolsrtic  Substances. — Most  .streptococci  produce 
these.  This  is  especially  true  of  those  from  humam  septic  infections. 
As  the  pneumococci  and  other  types  of  streptoccYJci  produce  them 
in  a  much  less  degree,  blood-agar  plates  are  a  veryVuseful  means  for 
a  probable  identification.  If  1  c.c  of  fresh  or  d«fibrinated  blood 
is  added  to  6  c.c.  of  melted  agar  at  40°  to  45°  C.,\ivell  shaken,  in- 
oculated with  characteristic  streptococci  and  poured  \n  a  Petri  dish 
there  will  appear  in  twelve  to  twenty-four  hours  tin\y  colonies  sur- 
rounded by  clear  zones  of  «bout  %  to  %  inch  in  diaineter.  Pneu- 
mococci and  many  varieties  of  streptococci,  which  ocour\ together  with 
characteristic  forms  in  the  throat,  lungs  and  el8ewhere,^  on  the  other 
hand  produce  only  narrow  zones  of  a  green  pigment  '  Anthony  in 
our  laboratory  has  found  that  from  a  streptococcus  producing  abun- 
dant ha^molytic  substances  strains  may  be  obtained  by  selecVting  certain 
colonies  which  fail  to  make  them.     She  has  not  been  able  to  obtain 
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from  strains  producing  in  first  cultures  the  green  pigment  only  any 
strains  producing  hsemolytic  substances. 

Duration  of  Life  Outside  of  the  Body. — This  is  not,  as  a  rule,  very 
great  When  dried  in  blood  or  pus,  however,  they  may  live  for 
several  months  at  room-temperature,  and  longer  in  an  ice-chest,  and 
in  gelatin  and  agar  cultures  they  live  for  from  one  week  to  three 
months.  In  order  to  keep  streptococci  alive  and  virulent,  it  is  best 
to  transplant  them  frequently  and  to  keep  them  in  serum  or  ascitic 
fluid  bouillon  in  small,  sealed  glass  tubes  in  the  ice-cheet. 

Besistaace  to  Heat  and  Oliemicals. — ^The  thermal  death  point  of  the 
streptococcus  is  between  52°  and  54°  C,  the  time  of  exposure  being 
ten  to  twenty  minutes. 

Mercuric  chloride,  1 :  2500 ;  sulphate  of  copper,  1 :  200 ;  trichloride 
of  iodine,  1 :  750 ;  peroxide  of  hydrogen,  1 :  50 ;  carbolic  acid,  1 :  300 ; 
cresol,  1:250;  lysol,  1:300;  creolin,  1:130,  all  kill  streptococci 
within  a  few  minutes. 

Pathogenesis. — The  majority  of  test  animals  are  not  very  sus- 
ceptible to  infection  by  the  streptococcus,  and  hence  it  is  difficult  to 
obtain  any  definite  pathological  alterations  in  their  tissues  through 
the  inoculation  into  them  of  cultures  of  this  organism  by  any  of  the 
methods  ordinarily  practised.  White  mice  and  rabbits,  under  simi- 
lar conditions,  are  the  most  susceptible,  and  these  animals  are,  there- 
fore, usually  employed  for  experimentation.  Streptococci,  how- 
ever, differ  greatly  in  the  effects  which  they  produce  in  inoculated 
animals,  according  to  their  animal  virulence,  which  is  very  different 
from  human  virulence.  The  most  virulent  when  injected  in  the 
minutest  quantity  into  the  circulation  or  into  the  subcutaneous  tis- 
sues of  a  mouse  or  rabbit,  produce  death  by  septicaemia.  Those  of 
somewhat  less  virulence  produce  the  same  result  when  injected  in 
considerable  quantities.  Those  still  less  pathogenic  produce  sep- 
ticaemia, which  may  be  mild  or  severe,  when  injected  into  the  cir- 
culation ;  but  when  injected  subcutaneously,  they  produce  abscess  or 
erysipelas.  The  remaining  streptococci,  unless  introduced  in  quan- 
tities of  20  C.C.  or  over,  produce  only  a  slight  redness,  or  no  reaction 
at  all,  when  injected  subcutaneously,  and  little  or  no  effect  when  in- 
jected directly  into  the  circulation.  Many  of  the  streptococci  ob- 
tained from  cases  of  cellulitis,  abscess,  empyema,  and  septicaemia 
belong  to  this  group. 

A  number  of  varieties  of  streptococci  have  thus  been  discovered, 
differing  in  virulence  and  in  their  growth  on  artificial  media;  but 
all  attempts  to  separate  them  into  various  classes,  even  with  the  use 
of  specific  serum,  have  largely  failed,  because  the  differences  ob- 
served, though  often  marked,  are  not  constant,  many  varieties  having 
been  found  to  lose  their  distinctive  characteristics,  and  even  to  ap- 
parently change  from  one  class  to  another.  A  further  objection  to 
any  of  the  existing  classifications  of  streptococci,  which  are  based  on 
the  manner  of  growth  on  artificial  culture  media,  is  that  it  has  been 
26 
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impossible  to  make  any  which  would  at  the  same  time  give  even  an 
approximate  idea  of  their  virulence.  Experiments  have  proved  that 
streptococci  originally  virulent  may  become  non-virulent  after  long 
cultivation  on  artificial  media,  and,  again,  that  they  may  return  to 
their  original  properties  after  being  passed  through  the  bodies  of 
susceptible  animals.  The  peculiar  type  of  virulence  which  they  may 
require  tends  to  perpetuate  itself,  at  least  for  a  considerable  time. 

One  important  fact  that  experience  teaches  us  is  that  those  strepto- 
cocci which  are  the  most  dangerous  are  those  which  have  come  imme- 
diately from  septic  conditions,  and  the  more  virulent  the  case  the 
more  virulent  the  streptococci  are  apt  to  be  for  animals  of  the  same 
species.  There  seems  also  to  be  a  strong  tendency  for  a  strepto- 
coccus to  produce  the  same  inflammation,  when  inoculated,  as  the  one 
from  which  it  was  obtained;  for  example,  streptococci  from  ery- 
sipelas tend  to  produce  erysipelas,  from  septicaemia  to  produce 
septiciemia ,  etc.  Streptococci,  how^ever,  obtained  from  different 
sources  (abscesses,  puerperal  fever,  sepsis,  erysipelas,  etc)  are  in 
many  instances  capable,  under  favorable  conditions,  of  producing 
erysipelas  when  inoculated  into  the  ear  of  a  rabbit,  as  has  been 
proved  by  experiment,  provided  they  possess  sufficient  virulence. 

Occnrrence  in  Man. — Streptococci  have  been  found  in  man  as  the 
primary  cause  of  infection  in  the  following  diseases:  Erysipelas, 
circumscribed  and  extensive  acute  abscesses,  impetigo,  cellulitis  (cir- 
cumscribed as  well  as  diffused),  sepsis,  puerperal  infection,  acute 
peritonitis,  angina,  bronchopneumonia,  periostitis,  osteomyelitis, 
synovitis,  otitis  media,  mastoiditis,  meningitis,  pleurisy,  empyema, 
and  endocarditis.  Associated  with  other  bacteria  in  diseases  of 
which  they  were  the  specific  cause,  they  have  also  been  found  as 
the  secondary  or  mixed  infection  in  many  diseases,  such  as  in  pul- 
monary tuberculosis,  bronchopneumonia,  septic  diphtheria,  and  diph- 
theritic scarlatina.  In  diphtheritic  false  membranes  this  micrococ- 
cus is  very  commonly  present,  and  is  frequently  the  source  of  deeper 
infection,  such  as  abscesses  and  septicemia;  and  in  certain  cases 
attended  with  a  diphtheritic  exudation,  in  which  the  Loeffler  bacillus 
has  not  been  found  by  competent  bacteriologists,  it  seems  probable 
that  the  Streptococcus  pyogenes,  alone  or  with  other  pyogenic  cocci, 
is  responsible  for  the  local  inflammation  and  its  results.  These 
forms  of  so-called  diphtheria,  as  first  pointed  out  by  Prudden,  are 
most  conmionly  associated  with  scarlatina  and  measles,  erysipelas, 
and  phlegmonous  inflammation,  or  occur  in  individuals  exposed  to 
these  or  other  infectious  diseases.  So  uniformly  are  long-chained 
streptococci  present  in  the  pseudomembranes  of  patients  sick  with 
scarlet  fever,  that  many  investigators  have  suspected  a  special 
variety  of  them  to  be  the  cause  of  this  disease.  The  same  is  true  for 
smallpox.  Many  varieties  are  regularly  found,  however,  in  the 
throat  secretion  of  healthy  individuals  (in  100  examinations  by  us 
we  found  long-chained  streptococci  in  83,  and  probably  could  have 
found  them  in  some  of  the  others  by  longer  search).     Their  abun- 
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daitce  in  scarlet  fever  and  smallpox  is  most  probably  due  to  their 
increase  in  tiie  injured  mucous  membrane  and  entrance  into  the  cir- 
culation when  the  protective  properties  of  the  blood  have  been 
lowered. 

Occurrence  in  Animals. — ^Besides  streptococci  similar  to  those  in 
man,  animals  are  infected  by  strains  that  are  negative  to  Gram  and 
fluidify  gelatin.  Udder  infections  of  the  cow  and  glandular  diseases 
of  the  horse  are  frequently  due  to  these. 

Effect  on  Tumors. — ^Fehleisen  inoculated  cultures,  obtained  in 
the  first  instance  from  the  skin  of  patients  with  erysipelas,  into 
patients  in  the  hospital  suffering  from  inoperable  malignant  growths 
— lupus,  carcinoma,  and  sarcoma — and  has  obtained  positive  results, 
a  typical  erysipelatous  inflammation  having  developed*  around  the 
point  of  inoculation  after  a  period  of  incubation  of  from  fifteen  to 
sixty  hours.  This  was  attended  with  chilly  sensations  and  an  eleva- 
tion of  temperature.  Persons  who  had  recently  recovered  from  an 
attack  of  erysipelas  frequently  proved  to  be  immune.  These  experi- 
ments were  undertaken  on  the  ground  that  malignant  tumors  had 
previously  been  found  to  improve  or  entirely  disappear  in  persons 
who  had  recovered  from  accidental  erysipelas.  During  the  last  few 
years  this  fact  has  been  therapeutically  applied  to  the  treatment  of 
malignant  tumors  by  the  artificial  production  of  erysipelas  by  the 
inoculation  of  pure  cultures  of  streptococcus  or  of  their  toxic  pro- 
ducts. Lately  the  mixed  toxins  of  the  streptococcus  and  B.  pro- 
digiosus  have  been  given,  and  it  now  appears  as  if  the  toxins  of  the 
latter  organism  were  much  the  more  important, 

Besnlts  from  Injections  in  Tumors. — In  some  cases  of  sarcoma  this 
method  has  met  with  considerable  success;  in  carcinoma,  however, 
the  results  have  been  very  slight.  In  this  country  the  experimental 
work  upon  this  subject  and  the  actual  treatment  of  cases  have  been 
largely  carried  out  by  or  under  the  direction  of  Coley.  He  has 
kindly  sent  me  the  following  notes  on  his  results : 

"  The  improvement  and  inhibitory  action  which  the  toxins  have 
upon  carcinoma  have  proved  to  be,  in  nearly  all  cases,  but  temporary. 

"  On  the  other  hand,  in  sarcoma,  which  is  the  only  form  of  malig- 
nant tumor  in  which  I  have  advocated  the  treatment,  sufficient  time 
has  elapsed  to  enable  us  to  draw  the  following  conclusions: 

"  The  toxins  injected  subcutaneously  into  the  tissues,  either  into 
the  tumor  substance  or  into  parts  remote  from  the  tumor,  exercise  a 
distinctly  inhibitory  action  upon  the  growth  of  nearly  all  varieties 
of  sarcoma.  This  action  is  the  least  marked  in  melanotic  sarcoma, 
and  thus  far  no  cases  of  this  form  of  tumor  have  disappeared  under 
the  treatment  The  influence  of  the  toxins  upon  round-celled  sarcoma 
is  much  more  powerful  than  it  is  upon  melanotic,  although  distinctly 
less  than  upon  the  spindle-celled  variety.  A  number  of  cases  of 
round-celled  sarcoma  in  which  the  diagnosis  was  unquestioned  dis- 
appeared, and  the  patients  have  remained  well  beyond  three  years. 
Nearly  half  of    the  cases  treated  show  no  appreciable  decrease  in 
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size;  the  majority  of  the  others  which  did  show  marked  impfove- 
ment  at  first,  after  decreasing  in  size  for  a  few  weeks,  again  began  to 
increase  and  were  no  longer  influenced  by  the  treatment. 

"  In  half  of  the  cases  of  spindle-celled  sarcoma  treated  by  the 
toxins  the  disease  had  disappeared  entirely,  and  the  majority  of  the 
successful  cases  have  remained  well  suificiently  long  to  justify  their 
being  regarded  as  cured.  It  should  be  distinctly  stated  that  all  of 
the  tumors  under  consideration  were  inoperable,  as  I  have  never  ad- 
vised treatment  except  in  such  cases. 

^'  I  have  now  a  number  of  cases  of  spindle-celled  sarcoma  which 
have  remained  well  beyond  three  years;  one  case  of  mixed  (round 
and  spindle)  celled,  after  remaining  well  three  years,  had  a  return 
in  the  abdomen,  and  died  about  eight  months  later.  The  result 
here  certainly  establishes  the  correctness  of  the  early  diagnosis." 

Production  of  Toxic  Substances. — There  is  no  doubt  that  the  strepto- 
coccus causes  fever,  general  symptoms  of  intoxication,  and  death  by 
means  of  toxic  substances  which  it  forms  in  its  growth;  but  we 
know  very  little  about  these  substances  or  how  they  are  produced. 
The  poisons  while  partly  extracellular  are  mostly  contained  in  the 
cell  substanca  Heat  destroys  a  portion  of  them.  They  appear  to 
attack  especially  the  red  blood  cells,  and  this  haemolytic  action  seems 
to  be  to  some  degree  in  proportion  to  the  virulence  of  the  organism. 

Susceptibility  to  Streptococcus  Infection. — ^As  with  the  ever-present 
staphylococci,  whose  virulence,  as  we  have  seen,  is  usually  slight, 
the  streptococci  are  more  likely  to  invade  the  tissues,  forming  ab- 
scesses or  erysipelatous  and  {flegmonous  inflammation  in  man  when 
the  standard  of  health  is  reduced  from  any  cause,  and  especially 
when  by  absorption  or  retention  various  toxic  organic  products  are 
present  in  the  body  in  excess.  It  is  thus  that  the  liability  to  these 
local  infections,  as  complications  of  operations  or  sequelse  of  various 
specific  infectious  diseases,  in  the  victims  of  chronic  alcoholism,  and 
constitutional  affections,  etc.,  are  to  be  explained.  It  seems  estab- 
lished that  the  absorption  of  toxic  products  formed  in  the  alimentary 
canal  as  a  result  of  the  ingestion  of  improper  food,  or  in  consequence 
of  abnormal  fermentative  changes  in  the  contents  of  the  intestine,  or 
from  constipation,  predispose  to  infection. 

Immimity. — In  none  of  the  streptococcus  inflammations  do  we 
notice  much  apparent  tendency  to  the  production  of  immunizing  and 
curative  substances  in  the  blood  by  a  single  infection. 

Severe  general  infections  usually  progress  to  a  fatal  termination 
after  a  few  days,  weeks,  or  months.  It  is  true,  however,  that  cases 
of  erysipelas,  cellulitis,  and  abscess,  after  periods  varying  from  a  few 
days  to  months,  tend  to  recover,  and  to  a  certain  extent,  therefore,  we 
may  assume  that  protective  agents  have  been  produced.  In  these 
cases,  however,  we  know  from  experience  that  faulty  treatment,  by 
lessening  the  local  or  general  resistance,  would,  as  a  rule,  cause  the 
subsiding  infection  again  to  progress  perhaps  even  to  a  more  serious 
extent  than  the  original  attack.     Koch  and  Petruschky  tried  a  most 
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interesting  experiment  They  inoculated  cutaneoiisly  a  man  suf- 
fering from  a  malignant  tumor  with  a  streptococcus  obtained  from 
erysipelas.  He  developed  a  moderately  severe  attadc,  which  lasted 
about  ten  days.  On  its  subsidence  they  reinoculated  him;  a  new 
attack  developed,  which  ran  the  same  course  and  over  the  same  area. 
This  was  repeated  ten  times  with  the  same  results. 

This  experiment  proved  that  in  this  case,  at  least,  little  if  any 
lasting  curative  or  immunizing  substances  were  produced  by  repeated 
attacks  of  erysipelas,  and  that  the  recovery  from  each  attadc  was  due 
to  local  and  transitory  protective  developments. 

The  severe  forms  of  infection,  such  as  septicaemia  following  in- 
juries, operations,  and  puerperal  infections,  show  little  tendency  to 
be  arrested  after  being  well  established.  Having,  then,  in  remem- 
brance, the  above  facts,  let  us  consider  the  results  already  obtained 
in  the  experimental  immunization  and  treatment  of  animals  and 
men  suffering  from  or  in  danger  of  infection  with  streptococci. 
Knorr  succeeded  in  producing  a  moderate  immunity  in  rabbits 
against  an  intensely  virulent  streptococcus  by  injections  of  very 
slightly  virulent  cultures.  Marmorek  was  the  first  to  attempt  the 
production  of  a  curative  serum  on  a  large  scale. 

Influence  of  Serum  from  Lnmimized  Animals  upon  Streptococcus 
InfectionB  in  Other  Animals. — In  the  table  are  given  the  results  fol- 
lowing the  injection  of  small  amounts  of  a  serum  which  represents 
in  immunizing  value  what  about  one-third  of  the  horses  are  able  to 
produce  when  given  in  gradually  increasing  doses  the  living,  viru- 
lent streptococcus.  In  the  following  experiments  the  serum  and 
culture  were  injected  subcutaneously  in  rabbits  at  the  same  time,  but 
in  opposite  sides  of  the  body : 


Table — Showing  Strength  of  Average  Grade  of  Antistreptococcic  Serum  given  hy 
Selected  Horses  after  six  months  of  Injection  of  suitable  amounts  of  Living 
Streptococci. 


Weiffht 
Rabbit 


Serom  and  culture : 
1.  Inoculated  together^ 

8.  On  opposite  tides  » 

^     11        *«  •« 

Controla : 
1.  Rabbito  injected  with  culture  only... 
2         *'  "  "  "  " 


Qrms. 
1430 
1800 
1770 
1630 

1750 
1870 


Amounts 
Inoculated. 


Serum.      Cult. 
0.25  0.0.    0.01  CO. 
0.125  V      O.Ol    " 


0.1 
0.1 


0.01 
0.01 


0.001  ' 
0.001' 


Result.   I  Autopsy. 


Lived. 


Died  in 
4  days. 
Died  in 
24hrB. 


Streptococcic 
infection. 

Streptococcic 
infection. 


The  above  results  have  been  repeatedly  obtained,  and  are  abso- 
lutely conclusive  that  the  serum  of  properly  selected  animals,  which 
have  been  repeatedly  injected  with  living  streptococci  in  suitable 
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doses  possesses  bactericidal  properties  upon  the  same  streptbcoccus 
when  it  comes  in  contact  with  it  within  llie  bodies  of  animals. 

Definite  protection  from  the  serum  has  been  obtained  by  many 
reliable  observers  since  Marmorek's  first  reports. 

Is  Protection  Afforded  by  the  Same  Serum  against  all  Varieties  of 
Streptococci? — ^We  have  tested  the  protective  value  of  one  serum 
against  streptococci  derived  from  five  different  sources.  First>  the 
streptococcus  given  us  by  Marmorek,  which  was  obtained  from  a  case 
of  angina.  Its  virulence  is  now  such,  after  having  passed  through 
hundreds  of  rabbits,  that  0.000001  c.c.  is  the  average  fatal  dose. 
Second,  a  streptococcus  obtained  from  a  case  of  erysipelas  in  Eng- 
land. Its  virulence  is  0.00001  c.c  on  the  average.  Third,  a 
streptococcus  obtained  from  a  case  of  cellulitis,  its  virulence  being 
about  6  C.C.  Fourth,  a  streptococcus  sent  me  by  Theobald  Smith. 
Its  virulence  is  such  that  0.1  c.c  is  the  average  fatal  dose.  Fifth, 
another  culture  sent  me  by  Smith,  which  grew  in  short  diains  and 
was  obtained  from  milk ;  its  virulence  was  similar  to  No.  4. 

Against  the  first  three  streptococci  derived  from  three  different  va- 
rieties of  infection  existing  in  three  different  countries  the  serum 
produced  by  the  streptococcus  from  England  had  nearly  the  same 
value.  Against  the  latter  two  streptococci,  as  well  as  against  a 
streptococcus  from  a  case  of  endocarditis,  which  resembled  in  some  re- 
spects the  pneumococci  and  a  pneumoooccus,  the  serum  had  no  effect. 

The  results  of  numerous  investigators  indicate  that  the  majority 
but  not  all  of  streptococci  met  with  in  cellulitis,  erysipelas  and 
abscess  will  be  influenced  by  the  same  serum.  Those  obtained  from 
cases  of  pneumonia  and  endocarditis  and  other  exceptional  infections 
are  apt  to  have  individual  characteristics. 

Polyyalent  Semm. — In  order  that  the  serum  may  have  specific 
anti-bodies  for  the  variety  of  streptococci  causing  each  separate  in- 
fection eadi  horse  is  now  injected  with  a  large  number  of  different 
varieties  of  streptococci.  This  serum  will  not  be  quite  as  efficient 
as  if  made  by  the  streptococcus  infecting  the  treated  case,  but  will 
be  fairly  efficient  for  all  cases. 

Preparation  of  the  Semm — Antistreptococcus  serum  is  obtained 
from  the  horse  after  treatment  by  repeated  injections  of  living  strep- 
tococcus cultures  of  streptococci  derived  from  human  sources.  As  a 
rule,  a  number  of  varieties  are  given  at  the  same  time  so  that  the 
serum  will  be  active  against  any  variety  causing  the  infection.  If 
the  serum  is  to  be  used  in  scarlet  fever,  the  streptococci  used  should 
be  from  cases  of  scarlet  fever.  The  procuring  of  a  serum  of  the 
highest  potency  requires  a  considerable  number  of  animals,  for  some 
produce  with  the  same  treatment  a  more  protective  serum  than  others. 
The  serum  must  be  sterile  from  streptococcus  as  well  as  from  other 
contaminations. 

Stability  of  the  Semm. — It  is  fairly  stable  but^  after  several 
months,  the  serum  loses  some  of  its  protective  value.  It  should  be 
kept  in  a  cool  and  dark  place. 
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Standardization  of  the  Value  of  the  SeruDOu — The  value  of  the 
serum  is  measured  by  the  amount  required  to  protect  against  a 
multiple  of  a  fatal  dose  of  a  very  virulent  streptococcus.  The  dose 
is  usually  a  thousand  times  the  average  fatal  amount  of  a  very  viru- 
lent streptococcus. 

This  method,  when  possible,  gives  to  those  unfamiliar  with  bac- 
teriology an  exaggerated  idea  of  the  potency  of  the  serum. 

A  thousand  times  the  amoimt  of  a  very  virulent  streptococcus  cul- 
ture required  to  kill  an  animal  by  producing  septicemia  is  more 
easily  controlled  than  four  times  a  fatal  dose  of  a  slightly  virulent 
streptococcus.  The  serum  acts  upon  a  certain  quantity  of  organ- 
isms, while  it  is  only  their  enormous  multiplication  in  the  animal 
whidhi  kills. 

It  is  entirely  different  in  case  of  an  antitoxin  which  does  not  pre- 
vent primarily  the  growth  of  the  germ,  but  neutralizes  a  chemical 
substance — its  toxin.  When  the  cultures  used  have  little  virulence 
in  animals  there  is  no  test  but  the  results  of  treatment 

Therapeutic  Besnlts. — To  estimate  the  exact  present  and  future 
value  of  antistreptococcus  serum  is  a  matter  of  the  utmost  difficulty. 
Many  of  the  cases  reported  are  of  little  or  no  help,  because,  no  cul- 
tures having  been  made,  we  are  in  doubt  as  to  the  nature  of  the  bac- 
terial infection. 

In  the  few  cases  of  puerperal  fever,  erysipelas,  wound  infection, 
scarlet  fever,  and  bronchopneumonia  that  we  have  seen,  the  appar- 
ent results  under  the  treatment  have  not  been  uniform.  Only  oc- 
casionally we  have  seen  results  which  appeared  to  be  distinctly  due 
to  the  serum. 

In  a  number  of  cases  of  septicaemia  where  for  days  chills  had  oc- 
curred daily  they  ceased  absolutely  or  lessened  under  daily  doses  of 
20  to  50  C.C.  The  temperature,  though  ceasing  to  rise  to  such  heights, 
did  not  average  more  than  one  or  two  degrees  lower  than  before  the 
injections.  In  some  cases  the  serum  treatment  was  kept  up  for  four 
weeks.  Some  cases  convalesced;  others  after  a  week  or  more  grew 
worse  and  died.  In  some  cases  the  temperature  fell  immediately 
upon  giving  the  first  injection  of  serum,  and  after  subsequent  injec- 
tions remained  normal,  and  the  cases  seemed  greatly  benefited.  As 
a  rule,  in  these  cases  no  streptococci  or  any  other  organisms  were  ob- 
tained from  the  blood.  In  bronchopneumonia,  laryngeal  diphtheria, 
tonsillitis,  smallpox,  and  phthisis,  we  have  seen  absolutely  no  effect. 
In  the  exanthemata  our  injections  were  much  smaller  than  those 
used  in  Vienna,  in  which  city  very  striking  results  are  reported  from 
100  C.C.  doses. 

The  results  obtained  here  in  New  York  by  both  physicians  and 
surgeons  have  not,  on  the  whole,  been  very  encouraging. 

In  some  of  the  cases  where  apparently  favorable  results  were  ob- 
tained other  bacteria  than  streptococci  were  found  to  be  the  cause  of 
the  disease.  We  believe  that  the  following  conclusions  will  be  found 
fairly  accurate : 
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The  serum  will  in  animals  limit  an  infection  already  started  if  it 
has  not  progressed  too  far.  The  apparent  therapeutic  results  in 
cases  of  human  streptococcus  infection  are  variable.  In  some  cases 
the  disease  has  undoubtedly  advanced  in  spite  of  large  injections, 
and  here  it  has  not  seemed  to  have  had  any  effect  In  other  cases 
good  observers  rightly  or  wrongly  believe  they  have  noticed  great 
improvement  from  it  Except  rashes,  few  have  noticed  deleterious 
results,  although  very  large  doses  have  been  followed  in  several  in- 
stances, for  a  short  time,  by  a:lbuminous  urine  and  even  temporary 
suppression. 

In  suitable  cases  we  are  warranted,  we  believe,  in  trying  it,  but 
we  should  not  expect  very  striking  results. 

For  our  own  satisfaction,  and  to  increase  our  knowledge,  we 
should  always  have  satisfactory  cultures  made  when  possible,  and 
the  streptococci,  if  obtained,  tested  with  the  serum  used  in  the  treat- 
ment In  the  cases  where  we  want  most  to  use  the  serum,  such  as 
puerperal  fever,  septicaemia,  ulcerative  endocarditis,  etc.,  we  find 
that  it  is  very  difficult  to  make  a  bacteriological  diagnosis  from  the 
symptoms,  and  in  over  one  half  of  the  cases  even  the  bacteriological 
examination  carried  out  in  the  most  thorough  way  will  fail  to  detect 
the  special,  variety  of  bacteria  causing  the  infection.  This  is  often 
a  great  hindrance  to  the  proper  use  of  curative  antistreptococcic 
serum,  for  it,  of  course,  has  no  specific  effect  upon  the  course  of  any 
infection  except  that  due  to  the  streptococcus  and  the  full  effect  only 
on  its  own  type.  . 

Care  should  be  taken  to  get  the  most  reliable  serum ;  much  on  the 
market  is  worthless,  and  as  it  is  weak,  and  the  testing  for  strength  is 
difficult  or  impossible,  full  doses  (20-50  c.a)  of  serum  should  be 
given  if  the  case  is  at  all  serious,  for  the  dose  is  limited  only  by  the 
amount  of  horse  serum  which  we  feel  it  safe  to  give,  not  because  we 
have  given  sufficient  protective  substance. 

Scarlet  Fever. — In  Vienna  for  some  years  the  serum  of  horses 
treated  at  each  injection  with  a  number  of  strains  of  streptococci 
derived  from  scarlet  fever  cases  has  been  used  in  this  disease.  The 
serunt  given  in  large  doses  of  100  to  200  c.a  has  apparently  given 
good  results  in  about  half  of  those  treated.  It  is  only  used  in  severe 
cases.  Moser  has  chiefly  advocated  its  use.  One  of  us  had  this 
summer  the  opportunity  to  look  over  the  histories  of  his  cases.  Al- 
though left  in  doubt  as  to  its  value,  it  appears  to  us  as  worth  a  trial. 

Bacteriological  Diagnosis. — Streptococci,  using  the  name  in  a  broad 
sense,  can  often  be  demonstrated  microscopically  by  simply  making 
a  smear  preparation  of  the  suspected  material  and  staining  witli 
methylene-blue  solution  or  diluted  Ziehl's  fluid.  In  order  to  demon- 
strate them  microscopically  in  the  tissues,  the  sections  are  best  stained 
by  Kiihne's  methylene-blue  method.  In  all  cases,  even  when  the 
microscopic  examination  fails,  the  cocci  may  be  found  by  the  cul- 
ture metiiod  on  plate  agar  or  slanted  agar  at  37®  C.  To  obtain 
them  from  a  case  of  erysipelas  it  is  best  to  excise  a  small  piece  of 
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akin  from  the  margin  of  the  erysipelatous  area  in  which  the  cocci 
are  most  numerous ;  this  is  crushed  up  and  part  of  it  transferred  to 
ascitic  or  serum  bouillon,  and  part  is  streaked  across  freshly  solidi- 
fied agar  in  a  Petri  dish  on  which  a  drop  of  sterile  rabbit's  blood  had 
previously  been  placed.     Both  are  kept  in  the  incubator  at  37°  C. 

In  septicsemia  the  culture  method  is  always  required  to  demon- 
strate the  presence  of  streptococci,  as  the  microscopic  examination  of 
specimens  of  blood  is  not  sufficient  For  this  purpose  from  10  to 
15  cc.  of  the  blood  should  be  drawn  from  the  vein  of  the  arm  asepti- 
cally  by  means  of  a  hypodermic  needle,  and  to  each  of  three  tubes 
containing  10  cc.  of  melted  nutrient  agar  kept  at  about  43°  C.  1  cc. 
of  blood  is  added.  After  thorou^ly  mixing  the  contents  are  poured 
into  Petri  dishes.  The  remainder  is  added  to  flasks  or  tubes  of 
nutrient  broth,  in  order  to  produce  an  adequate  development  of 
the  cocci,  which  are  found  in  small  numbers  in  the  bloodvessels. 
Petruschky  is  of  the  opinion  that  the  cocci  can  be  best  shown  in 
blood  by  animal  inoculation.  Having  withdrawn  from  the  patient 
10  cc  of  blood  by  means  of  a  hypodermic  syringe,  under  aseptic 
precautions,  he  injects  a  portion  of  this  into  the  abdominal  cavity 
of  a  mouse,  while  the  other  portion  is  planted  in  bouillon.  Mice 
thus  inoculated  die  from  septicaemia  when  virulent  streptococci  are 
present  in  only  very  small  numbers  in  the  blood.  If  a  successful 
inocidation  takes  place  we  can,  through  the  absence  or  presence  of 
the  development  of  capsules,  often  diiFerentiate  between  the  pneumo- 
C0CCU8  and  the  streptococcus,  which  cultures  may  fail  to  do.  The 
development  of  a  wide,  dear  zone  about  the  colonies  (upon  blood- 
agar),  without  a  development  of  green  pigment,  indicates  that  the 
streptococci  belong  to  the  pyogenes  type.  The  absence  of  a  definite 
zone  and  the  development  of  a  green  color  indicates  that  they  are 
pneumococci  or  streptococci  whidi  in  these  two  respects  resemble 
pneumococci.  The  growth  in  the  Hiss  inulin  serum  medium  will 
generally  differentiate  between  the  two,  as  the  pneumocopci  usually 
coagulate  the  serum,  while  the  great  majority  of  streptococci  do  not. 
The  morphological  and  cultural  characteristics  of  the  streptococcus 
give  us,  unfortunately,  no  absolute  knowledge  as  to  the  influence 
which  the  protecting  serum  will  have.  The  actual  test  is  here  our 
only  method.  The  detection  of  the  streptococcus  in  the  blood  is  in 
itself  an  unfavorable  prognostic  sign. 

The  blood  cultures  in  many  cases  of  septicaemia  give  no  positive 
results,  for  many  of  these  cases  develop  their  symptoms  and  even  die 
from  the  absorption  of  toxins  from  the  local  infection,  such  as  an 
amputation  wound  or  an  infected  uterus  or  peritoneum,  and  the  bac- 
teria never  invade  the  blood.  When  we  get  n^ative  results  we  are, 
as  a  rule,  utterly  unable  to  test  the  case  with  curative  serums  with 
any  accuracy,  for  the  sepsis  may  be  due  to  either  the  streptococcus, 
colon  bacillus,  staphylococcus,  or  a  number  of  other  pathogenic  va- 
rieties of  bacteria. 


CHAPTER  XXVII. 

TIIR  DIPLOCOCCUS  OF  PNEUMONIA  (PNEUMOCOCCUS,  STREP- 
TOCOCCUS LANCEOLATUS,  MICROCOCCUS  LANCEOLATUS). 
THE  PNEUMOBACILLUS  (FRIEDLANDER  BACILLUS). 

THE  DIPLOOOOOUS  OF  PNEUMONIA. 

The  diplococcus  of  pneumonia  was  observed  in  1880  almost  simul- 
taneously by  Sternberg  and  Pasteur  in  the  blood  of  rabbits  inocu- 
lated with  human  saliva.  In  the  next  few  years  Talamon,  Fried- 
lander,  A.  Fraenkel,  Weichselbaum,  and  others  subjected  this  micro- 
organism to  an  extended  series  of  investigations  and  proved  it  to  be 
the  chief  etiological  factor  in  the  production  of  lobar  or  croupous 
pneumonia  in  man. 

The  outcome  of  the  various  investigations  proved  that  the  acute 
lung  inflammations,  especially  when  not  of  the  frank  lobar  pneumonia 
type,  are  not  excited  by  a  single  variety  of  micro-organism,  and  that 
the  bacteria  involved  in  the  production  of  pneumonias  are  also  met 
with  in  inflammations  of  other  tissues. 

In  any  individual  pneumonic  inflammation  it  is  also  found  that 
more  than  one  variety  of  bacteria  may  be  active,  either  from  the 
start  or  as  a  later  addition  to  the  original  primary  infection. 

Among  all  the  micro-organisms  active  in  exciting  pneumonia,  the 
diplococcus  of  pneumonia  is  by  far  the  most  common,  being  almost 
always  present  in  primary  lobar  pneumonia  and  as  frequently  as  any 
other  germ  in  acute  bronchopneumonia  and  metastatic  forms.  Be- 
sides the  different  varieties  of  pneumooocci  the  following  bacteria  are 
capable  of  exciting  pneumonia:  Streptococcus  pyogenes.  Staphylo- 
coccus pyogenes,  BaiUlus  pneumonia.  Bacillus  influenzae.  Bacillus 
pestis.  Bacillus  dipMherice,  Bacillus  typhi,  BacUlus  coli  and  the 
Bacillus  tuberculosis.  Since  the  varieties  of  bacteria  exciting  acute 
pneumonia,  with  the  exception  of  the  pnuemococcus,  are  met  with 
more  frequently  in  other  inflammations  and  have  been  described  else- 
where, they  will  only  be  noticed  in  this  chapter  so  far  as  their  rela- 
tion to  pneumonia  demand. 

Morphology. — Typically,  the  pneumocoocus  occurs  as  spherical  or 
oval  cocci,  usually  united  in  pairs,  but  sometimes  in  longer  or  shorter 
chains  consisting  of  from  three  to  six  or  more  elements  and  resemb- 
ling the  streptococcus.  The  cells,  as  they  commonly  occur  in  pairs, 
are  somewhat  oval  in  shape,  being  usually  pointed  at  one  end — hence 
the  name  lanceolatus  or  lancet-shaped.  When  thus  united  the  junc- 
tion, as  a  rule,  is  between  the  broad  ends  of  the  oval,  with  the  pointed 
ends  turned  outward ;  but  variation  in  form  and  arrangement  of  the 
cells  is  characteristic  of  this  organism,  there  being  great  differences 
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aocording  to  the  source  from  which  it  is  obtained.  As  observed 
in  the  sputum  and  blood  it  is  usually  in  pairs  of  lancet-shaped  ele- 
ments, which  are  surrounded  by  a  capsule.  (See  Fig.  116.)  When 
grown  in  fluid  culture  media  longer  or  shorter  chains  are  frequently 
formed,  which  can  scarcely  be  distinguished  from  chains  of  certain 
streptococci,  except  that,  as  a  rule,  the  length  of  the  chain  is  less  and 
the  pairs  of  diplococci  are  farther  apart  In  cultures  the  individual 
cells  are  almost  spherical  in  shape,  and  except  in  certain  varieties 
are  rarely  surrounded  by  a  capsule.  (See  Fig.  117.)  The  pneumo- 
coccus  is  by  some  classed  as  a  streptococcus. 

The  capsule  is  best  seen  in  stained  preparations  from  the  blood  and 
exudates  of  fibrinous  pneumonia  or  from  the  blood  of  an  inoculated 
animal,  especially  the  mouse,  in  which  it  is  commonly,  though  not 


Fig.  117 


Pneumococcus  from  bouillon  culture, 
resembling  streptococcus. 


always,  present  It  is  seldom  seen  in  preparations  from  cultures 
unless  special  media  are  employed.     Flagella  are  not  present. 

Staining. — It  stains  readily  with  ordinary  aniline  colors ;  it  is  not 
decolorized  after  staining  by  Gram's  method.  The  capsule  may  be 
demonstrated  in  blood  or  sputum  either  by  Gram's  or  Welch's 
(glacial  acetic  acid)  method,  or  the  copper  sulphate  method  of  Hiss 
(see  p.  63). 

Biology. — It  grows  equally  well  with  or  without  oxygen,  being 
thus  both  aerobic  and  facultative  anaerobic;  its  parasitic  nature  is 
exhibited  by  the  short  range  of  temperature  at  which  it  usually  grows 
—viz.,  from  25 "^  to  42°  C— best  at  37°  C.  In  the  cultivation  of 
this  organism  neutral  or  slightly  alkaline  media  should  be  employed. 
The  organism  grows  feebly  on  the  serum-free  culture  media  ordinar- 
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ily  employed  for  the  cultivation  of  bacteria — ^viz.,  on  nutrient  agar 
and  gelatin,  in  bouillon.  The  best  medium  for  its  growth  is  a 
mixture  of  one-third  human  or  animal  blood  serum  or  ascitic  or 
pleuritic  fluid  and  two-thirds  bouillon  or  nutrient  agar  streaked  with 
human  or  rabbit  blood. 

Chrowth  on  Agar. — Cultivated  on  plain  nutrient  agar,  after  twenty- 
four  to  forty-eight  hours  at  37°  C,  the  deep  colonies  are  hardly 
visible  to  the  eya  Under  the  microscope  they  appear  light  yellow 
or  brown  in  color  and  finely  granular.  The  surface  colonies  are 
large,  equalling  in  size  those  of  streptococci,  but  are  usually  more 
transparent  If  blood  serum  or  ascitic  fluid  be  added  to  the  agar 
the  individual  colonies  are  larger  and  closer  together,  and  the  growth 
is  more  distinct  in  consequence  and  of  a  grayish  color.  The  surface 
colonies  are  almost  circular  in  shape  under  a  magnification  of  60 
diameters,  finely  granular  in  structure,  and  may  have  a  somewhat 
darker,  more  compact  centre,  surrounded  by  a  paler  marginal  zone. 
With  high  magnification  cocci  in  twos  and  short  rows  often  distinctly' 
separated  are  seen  at  the  edges.  In  stick  cultures  minute  transparent 
drops  appear  along  the  line  of  puncture. 

Growth  on  Blood  Semm. — The  growth  on  Loeffler's  blood-serum  mix- 
ture is  very  similar  to  that  on  agar,  but  somewhat  more  vigorous  and 
characteristic,  appearing  on  the  surface  as  a  delicate  layer  of  dew- 
like drops. 

Chrowth  in  Bonillon. — In  bouillon,  at  the  end  of  twelve  to  twenty- 
four  hours  in  the  incubator,  a  sli^t  cloudiness  of  the  liquid  will  be 
found  to  have  been  produced,  due  to  the  development  of  the  micro- 
cocci. On  microscopic  examination  these  can  be  seen  to  be  arranged 
in  pairs  or  longer  or  shorter  chains.  In  two  or  three  days  the 
medium  again  becomes  transparent  owing  to  the  subsidence  of  the 
cocci.  After  one  or  two  transplantations  the  pneumococci  frequently 
fail  to  grow. 

Growth  in  Milk.— It  grows  readily  in  milk,  causing  coagulation  with 
the  production  of  acid,  though  this  is  not  constant  with  some  forms 
intermediate  between  the  streptococcus  and  pneumococcus. 

Chrowth  on  Gelatin. — The  growth  on  gelatin  is  slow,  if  there  is  any  devel- 
opment at  all,  owing  to  the  low  temperature — viz.,  24®  to  27°  C. — above 
which  even  the  most  heat-resistant  gelatin  will  melt.  The  gelatin  is  not 
liquefied. 

Special  Media. — Fraenkel  was  the  first  to  draw  attention  to  the  fact 
that  this  organism  soon  loses  its  reproductive  power  when  grown  on 
ordinary  culture  media,  and  more  particularly  solid  media.  In 
fluid  media  the  vitality  is  not  quite  so  quickly  lost;  but  even  here  it 
is  found  advisable  to  transplant  fresh  cultures  every  day.  When 
cultures  are  grown  on  serum-free  media  the  vitality  of  some  cultures 
may  indeed  be  indefinitely  prolonged;  but  after  transplantation 
through  several  generations  it  is  found  that  the  cultures  begin  to 
lose  in  virulence,  and  that  they  finally  become  non-virulent  In 
order  to  restore  this  virulence,  or  to  keep  it  from  becoming  attenuated, 
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it  is  necessary  to  interrupt  the  transplantation  and  pass  the  organ- 
ism through  the  bodies  of  susceptible  animals. 

With  the  view  of  overcoming  these  obstacles  in  the  way  of  culti- 
vating this  micrococcus,  several  special  media  have  been  proposed  by 
various  experimenters  in  the  place  of  the  ordinary  culture  media. 
The  best  fluid  medium  for  the  growth  of  the  pneumococcus  is  Mar- 
morek's  mixture,  consisting  of  bouillon  2  parts  and  ascitic  or  pleuritic 
fluid  1  part.  In  this  fluid  pneumococci  grow  well,  and  cultures  when 
preserved  in  a  cool  place  and  prevented  from  drying  retain  their 
vitality  and  also  their  virulence  for  a  number  of  weeks.  Lambert 
has  found  cultures  in  this  medium  alive  and  fully  virulent  after 
eight  months. 

LoefBer's  blood-serum  mixture  is  a  good,  solid  tube  medium  for 
making  cultures,  and  is  very  convenient  and  useful  at  autopsies. 
One-and-one-half  per  cent  fluid  nutrient  agar  mixed  with  one-third 
its  quantity  of  warm  ascitic  fluid  makes  an  excellent  plate  medium. 

Nutrient  agar,  with  fresh  rabbit  blood  smeared  over  it  makes  an 
excellent  medium  for  growth,  but  prevents  the  development  of  agglu- 
tinable  substance.  On  this  medium,  in  a  moist  atmosphere  at  36° 
C,  the  cultures  retain  their  viability  and  virulence  for  rabbits  for 
months.* 

Hiss  Semm  Media  with  and  without  Innlin. — These  are  very  useful. 
The  inulin  is  fermented  by  typical  pneumococci  with  coagulation  of 
the  serum,  while  most  streptococci  fail  to  ferment  the  inulin.  This 
medium  is,  therefore,  of  considerable  diagnostic  value. 

Calciimi  Broth  with  or  without  Dextrose. — This  medium  has  proven 
of  great  value  for  the  propagation  of  cultures  where  agglutination 
tests  are  to  be  carried  out.  The  addition  of  a  small  piece  of  marble 
to  each  tube  of  broth  is  the  most  satisfactory  way  of  preparing  it. 
Marble  broth  for  this  purpose  was  suggested  independently  by 
Bolduan  and  Hiss. 

Besistance  to  Light,  Drying,  and  Germicidal  Agents. — On  artificial 
culture  media  the  pneumococci  tend  to  die  rapidly.  This  is  partially 
due  to  the  acid  produced  by  their  growth.  In  sputum  they  live  much 
longer. 

Pneumonic  sputum  attached  in  masses  to  clothes,  when  dried  in 
the  air  and  exposed  to  diffuse  daylight,  retains  its  virulence,  as 
shown  by  injection  in  rabbits,  for  a  period  of  nineteen  to  fifty-five 
days.  Exposed  to  direct  sunlight  the  same  material  retains  its  viru- 
lence after  but  a  few  hours'  exposure.  This  retention  of  vinilence 
for  so  long  a  time  under  these  circumstances  is  accounted  for  by  the 
protective  influence  afforded  by  the  dried  mucoid  material  in  which 
the  micrococci  were  embedded.  Guamieri  observed  that  the  blood 
of  inoculated  animals,  when  rapidly  dried  in  a  desiccator,  retained 
its  virulence  for  months;  and  Foa  found  that  fresh  rabbit  blood, 

'  The  green  color  produced  by  all  pneumococci  in  blood-ajrar  media,  and  showing 
especially  well  in  poured  blood-agar  plates  is  not  diagnostic  of  this  organism,  aa 
some  strains  of  streptococci  produce  just  as  intense  a  green. 
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after  inoculation  and  cultivation  in  the  incubator  for  twenty-four 
hours,  when  removed  at  once  to  a  cool,  dark  place,  retained  its  viru- 
lence for  sixty  days.  There  are  many  conditions,  therefore,  in 
which  the  virulence  of  the  micrococcus  is  retained  for  a  considerable 
length  of  time.  To  germicidal  agents  pneumooocci  are  very  sensi- 
tive. The  fine  spray  expelled  in  coughing  and  loud  speaking  soon 
dries  so  completely  that  no  pneumocooci  usually  survive  after  two 
hours.    The  same  is  true  for  dust  that  remains  suspended  in  the  air. 

Pathogenesis  in  Animals. — ^Most  strains  of  the  Micrococcus  lanceo- 
lotus  are  moderately  pathogenic  for  numerous  animals;  mice  and 
rabbits  are  the  most  susceptible,  indeed  some  strains  are  intensely 
virulent  for  these  animals,  while  guinea-pigs  and  rats  are  much  less 
susceptible.  Pigeons  and  chickens  are  refractory.  In  mice  and 
rabbits  the  subcutaneous  injection  of  small  or  moderate  quantities 
of  pneumonic  sputum  in  the  early  stages  of  the  disease,  or  of  a 
twenty-four  hour  ascitic  broth  culture  from  such  sputum,  or  of  a 
pure,  virulent  ascitic  broth  culture  of  the  micrococcus,  usually 
results  in  the  death  of  these  animals  in  from  twenty-four  to  forty- 
eight  hours.  The  course  of  the  disease  produced  and  the  post- 
mortem appearances  indicate  that  it  is  a  form  of  septicaemia — ^what 
is  known  as  sputum  septicaemia.  After  injection  there  is  loss  of 
appetite  and  great  debility,  and  the  animal  usually  dies  some  time 
during  the  second  day  after  inoculation.  The  post-mortem  examina- 
tion shows  a  local  reaction,  which  may  be  of  a  serous,  fibrinous, 
hemorrhagic,  necrotic,  or  purulent  character;  or  there  may  be  com- 
binations of  all  of  these  conditions.  The  blood  of  inoculated  ani- 
mals immediately  after  death  often  contains  the  micrococci  in  very 
large  numbers.  For  microscopic  examination  they  may  be  obtained 
from  the  blood  of  veins,  arteries,  or  cavities  of  the  heart,  and  usually 
from  pleural  and  peritoneal  exudations  when  these  are  present 

True  localized  pneumonia  does  not  usually  result  from  subcu- 
taneous injections  into  susceptible  animals,  but  injections  made 
through  the  thoracic  walls  into  the  substance  of  the  lung  may  induce 
a  typical  fibrinous  pneumonia.  This  was  first  demonstrated  by  Tala- 
mon,  who  injected  the  fibrinous  exudate  of  croupous  pneumonia, 
obtained  after  death  or  drawn  during  life  from  the  hepatized  por- 
tions of  the  lung,  into  the  lungs  of  rabbits.  Wadsworlh  showed  that 
by  injecting  virulent  pneumococci  into  the  lungs  of  rabbits  which 
had  been  immunized,  a  typical  lobar  pneumonia  was  excited,  the 
bactericidal  property  of  the  blood  being  sufficient  to  prevent  the 
general  invasion  of  the  bacteria. 

Attenuation  of  Virulence.  —This  may  be  produced  in  various  ways. 
The  loss  of  virulence  which  occurs  when  the  micrococcus  is  trans- 
planted through  several  generations  in  culture  fluid  containing  no 
blood  has  already  been  referred  to.  An  apparent  attenuation  of 
virulence  takes  place  also  spontaneously  in  the  course  of  pneumonia. 
It  has  been  shown  by  daily  puncture  of  the  lung  in  different  stages 
of  the  pneumonic  process  that  the  virulence  of  the  organism  dimin- 
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ishes  as  the  disease  progresses,  and  that  the  nearer  the  crisis  is  ap- 
proached the  more  attenuated  it  becomes.  This  attenuation  is  prob- 
ably only  apparent  So  many  more  micro-organisms  are  living  in 
eadh  cubic  centimetre  of  fluid  during  the  early  stages  of  a  pneumonia 
that  much  smaller  quantities  kill.  If  a  little  sputum  be  taken  at 
different  periods  in  the  disease  and  planted  in  ascitic  bouillon  the 
resultant  cultures  will  not  vary  greatly  in  virulence.  The  average 
virulence  for  rabbits  of  cultures  made  from  pneumonic  sputum  is 
greater  than  in  those  from  normal  sputum. 

Restoration  and  Increase  of  Vimlence. — The  simplest  and  perhaps 
ihe  most  reliable  method  of  restoring  lost  virulence  for  any  sus- 
ceptible animal  is  by  passage  through  the  bodies  of  highly  susceptible 
animals  of  ihe  same  species.  Growth  in  fresh  blood  also  increases  it 
for  the  homologous  animal. 

Toxin  Production. — ^We  have  little  exact  knowledge  upon  the  na- 
ture of  the  substances  produced  by  or  through  the  growth  of  the 
pneumococci  in  animal  tissues  or  artificial  media. 

Occurrence  in  Man  during  Health. — It  is  probable  that  in  crowded 
communities  the  pneumococcus  is  present  on  the  mucous  membranes 
of  most  persons.  We  have  found  it  generally  present  not  only  in 
the  throats  of  persons  living  in  New  York  City,  but  also  in  those  of 
persons  living  on  farms  and  in  the  Adirondack  Mountains.  It  is 
commonly  present  only  on  the  mucous  membranes  of  the  bronchi, 
trachea,  pharynx,  and  nostrils.  The  healthy  lung  seems  to  be  gen- 
erally free  from  it.  Judging  from  animal  tests  it  is  very  possible 
that  the  virulence  for  man  of  die  organisms  present  in  health  is  much 
less  than  the  virulence  of  those  in  a  pneumonic  lung. 

Presence  of  Pneumococci  in  Lobar  and  Bronchopneumonia. — 
Fully  95  per  cent  of  characteristic  cases  of  lobar  pneimionia  are  due 
primarily  to  diaracteristic  or  to  atypical  pneumococci.  Usually  no 
other  bacteria  are  obtained  from  the  lungs.  Atypical  cases  are  fre- 
quently due  to  pneumococci,  but  they  may  be  due  to  streptococci,  in- 
fluenza bacilli,  etc.  The  more  rec«it  the  infection  the  greater  is  the 
number  of  bacteria  found  in  the  diseased  lung  area.  As  the  disease 
progresses  these  decrease  in  number  until  finally  at  the  crisis  they 
disappear  from  the  tissues,  though  at  this  time  and  long  after  con- 
valescence they  may  be  present  in  the  sputum.  In  atypical  forms  of 
pneumonia  they  may  remain  longer  in  the  tissues,  and  in  walking 
pneumonia  they  may  be  absent  in  the  original  centres  of  infection  or 
present  only  as  attenuated  varieties,  while  the  surrounding,  newly 
formed  foci  may  contain  fully  virulent  cocci.  It  has  been  shown  by 
Netter  that  more  than  one-half  of  the  cases  of  bronchopneumonia, 
whether  primary,  or  secondary  to  some  other  disease,  as  measles  and 
diphtheria,  both  in  children  and  adults,  are  due  to  the  diplococcus  of 
pneumonia.  Others,  such  as  Pearce,  have  found  other  micro-organ- 
isms, especially  the  streptococci,  in  the  majority  of  cases.  These 
findings  will  be  considered  at  the  end  of  the  chapter. 

The  pneumococci  are  found  partly  in  the  alveoli  and  bronchioles 


384  PATHOGENIC  MICRO-^BQANISMS. 

of  the  inflamed  lung  and  partly  in  the  lymph  channels  and  blood 
capillaries.  Most  of  the  organisms  are  found  free,  but  a  few  are 
found  in  tiie  leukocytes.  Through  the  lymph  channels  they  find 
their  way  to  the  pleura  and  to  adjacent  lymph  glands.  From  the 
capillaries  they  find  their  way  to  the  general  blood  current,  and  thus 
to  distant  parts  of  the  body.  In  about  20  per  cent,  of  cases  the 
pneumococci  are  so  abundant  tiiat  they  can  be  found  in  cultures  made 
from  5  to  10  c.c.  of  blood.  In  a  number  of  instances  the  fcetus  has 
been  found  infected. 

Occurrence  in  Inflammations  Oomplicating  Pneumonia.  —In  every 
case  of  lobar  pneumonia  and  in  most  oases  of  bronchopneumonia 
pleurisy  is  developed,  which  is  excited  by  the  same  micro-organism 
that  was  predominant  in  the  pneumonia.  With  pneumococci  the 
exudate  is  usually  moderate  and  of  a  fibrinous  diaracter,  but  may  be 
more  abundant  and  of  a  serofibrinous  or  purulent  character.  When 
the  pleurisy  is  marked  it  is  more  apt  to  continue  after  the  cessation 
of  the  pneumonia.  Pleurisy  due  to  pneumococci  is  more  apt  to  go  on 
to  spontaneous  recovery  than  that  due  to  streptococci  or  staphylococci. 

The  most  frequent  pneumococcic  infections  next  to  pleurisy,  fol- 
lowing a  pneumonia,  are  those  of  the  middle  ear,  pericardium,  en- 
docardium, and  meninges,  and  these  not  infrequently  arise  together. 
Pneumococcic  inflammations  of  liie  heart  valves  are  apt  to  be  fol- 
lowed by  extensive  necrosis  and  growth  of  vegetations.  In  these 
cases  pneumococci  can  sometimes  be  found  in  the  blood  for  many 
weeks.  Pericarditis  due  to  pneumococci  is  a  frequent  complication, 
but  is  usually  very  slightly  developed.  Meningitis  due  to  pneumo- 
cocci may  be  either  fibrinous  or  purulent  or  both  and  is  apt  to  be 
secondary  to  otitis  or  pneumonia.  Arthritis  and  periarthritis  are 
rarer  complications  of  a  pneumococcic  pneumonia.  Besides  moder- 
ate parenchymatous  inflammation  of  the  kidney,  which  occurs  in 
most  cases  of  pneumonia,  well-marked  inflammation  may  occur  in 
which  pneumococci  exist  in  the  kidney  tissues  in  large  numbers. 
Osteomyelitis  and  otitis  media  are  not  very  infrequent^ 

How  is  the  pneumococcus  conveyed  from  its  original  seat  in  the 
lungs  to  distant  internal  organs  ?  Chiefly  by  means  of  the  blood- 
vessels and  lymphatics,  in  both  of  which  it  has  been  found  in  great 
numbers.  Proof  enough  of  its  conveyance  through  the  lymphatics 
is  afforded  by  the  frequent  occurrence  of  inflammations  of  the  serous 
membranes  oomplicating  pneumonia;  but  two  cases  in  particular 
have  been  reported  by  Thue  of  pleurisy  and  pericarditis  following 
pneumonia  in  which  the  lymph  capillaries  have  been  found  to  be 
filled  with  diplococci,  as  if  injected.  Their  presence  in  the  blood 
after  death  has  been  amply  proved  by  numerous  investigations.  In 
many  instances  they  have  been  recovered  from  the  blood  during  life. 
Lambert,  as  a  rule,  found  them  in  all  fatal  cases  twenty-four  to 
forty-eight  hours  before  death.  This  examination  has  considerable 
prognostic  value,  as  nearly  all  cases  in  which  the  pneumococcus  is 
found  end  fatally.     This  micrococcus  has  been  shown  experimentally 
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to  be  capable  of  producing  various  forms  of  septic8Bmia — ^local 
phlegmonous  inflammations,  peritonitis,  pleuritis,  and  meningitis. 
A  further  proof  of  the  transmission  of  this  organism  by  means  of  the 
blood  is  given  by  Foa  and  Bordoni-Uffreduzzi  in  their  investigations 
into  intrauterine  infection  in  pneumonia  and  meningitis.  These 
investigators  have  demonstrated  the  presence  of  the  micrococcus 
lanceolatus  in  fetal  and  placental  blood  and  in  the  uterine  sinuses  in 
maternal  pneumonia.  There  being  no  question,  therefore,  as  to 
the  possibility  of  the  conveyance  of  the  infective  agent  by  means  of 
the  blood  and  the  lymph  to  all  parts  of  the  body,  we  need  not  wonder 
at  the  multiplicity  of  the  affections  complicating  a  pneumonia,  which 
are  caused  by  this  micrococcus ;  and  not  only  the  secondary,  but  also 
the  primary  diseases,  as  of  the  brain  and  meninges,  may  be  explained 
in  the  same  way.  Knowing  that  the  saliva  and  nasal  secretions 
under  normal  conditions  so  frequently  afford  a  resting  place  for  the 
micrococci,  we  have  only  to  assume  the  production  of  a  suitable  cul- 
ture medium  for  these  parasites  in  the  body,  brought  about  by  an 
abnormal  condition  of  the  mucous  membranes  from  exposure  to  cold, 
or  a  reduction  of  the  vital  resisting  power  of  the  tissue  cells  in  any 
of  the  internal  organs,  caused  by  disease,  traumatism,  excesses  of 
various  kinds,  etc,  to  comprehend  readily  how  an  individual  may 
become  infected  with  pneumococci,  either  primarily  affecting  the 
lungs  and  secondarily  other  organs  in  the  body,  or  primarily  attack- 
ing the  middle  ear,  the  pericardial  sac,  the  pleura,  the  serous  cavities 
of  the  brain,  etc. 

Presence  in  Inflammatory  Processes  Not  Secondary  to  Pneumonia. 
— It  is  now  known  that  the  pneumococcus  may  infect  and  excite 
diseases  in  many  tissues  of  the  body  independent  qf  any  preliminary 
localization  in  the  lung.  As  a  rule,  these  processes  are  acute  and 
usually  run  a  shorter  and  more  favorable  course  than  similar  inflam- 
mations due  to  the  streptococci. 

The  most  frequent  primary  lesions  excited  by  the  pneumococcus 
after  lobar  pneumonia,  bronchopneumonia,  and  bronchitis  are  prob- 
ably meningitis,  otitis  media,  endocarditis,  pericarditis,  rhinitis, 
tonsillitis,  conjunctivitis,  and  keratitis;  septicsemia,  arthritis,  and 
osteomyelitis;  inflammations  of  the  epididymis,  testicles,  and  Fallo- 
pian tubes;  peritonitis,  etc. 

Pneumococcic  peritonitis  and  appendicitis  are  not  so  very  frequent. 
The  exudate  is  usually  seropurulent 

Conjunctivitis  due  to  pneumococci  frequently  occurs  in  epidemic 
form  and  is  frequently  associated  with  rhinitis. 

From  statistics  collected  by  Netter  the  following  percentages  of 
diseases  were  caused  by  the  pneumococcus: 

Pneumonia    65.9  per  cent,  in  adults. 

Bronchopneumonia    15.8 

Meningitis    13.0 

Empyema    8.5 

Otitis   media 2.4 

Endocarditis 1.2 

26 
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In  46  consecutive  pneumoooccus  infections  in  children  there 
were: 

Otitis  media 29  cases. 

Bronchopneumonia 12      " 

Meningitis 2      * ' 

Pneumonia    1  case. 

Pleurisy  1     " 

Pericarditis  1      * ' 

The  pneumococcus  and  streptococcus  are  the  two  most  frequent 
organisms  found  in  otitis  media.  The  cases  due  to  the  pneumococcus 
are  apt  to  run  tlie  shorter  course,  but  have  a  tendency  to  spread  to 
the  meninges  and  cause  a  meningitis.  The  pneumooocci  may  also 
find  their  way  into  the  blood  current. 

In  bronchitis  the  pneumococcus  is  frequently  met  with  alone  or  in 
combination  with  the  streptococcus,  the  influenza  bacillus,  or  other 
bacteria. 

In  certain  epidemics  pneumococcic  bronchitis  and  pneumonia 
simulate  influenza  very  closely  and  cannot  be  differentiated  except 
by  bacteriological  examinations. 

Primary  pneumococcic  pleurisy  is  frequent  in  children ;  it  is  very 
often  purulent^  but  may  be  serous  or  serofibrinous.  Its  prognosis 
is  better  than  that  in  casee  due  to  other  organisms.  Frequently  we 
have  streptococci  and  staphylococci  associated  with  the  pneumococci. 

Varieties  of  the  Pneumococcus. — As  among  all  other  micro-organ- 
isms minutely  studied,  different  strains  of  pneumococci  show  quite 
Q  wide  range  of  variation  in  morpholep  and  virulence.  Some  of  the 
variations  are  so  marked  and  so  constant  that  they  make  it  necessary 
to  recognize  several  distinct  varieties  of  the  pneumococcus,  and  to 
class  as  pneumococci  certain  varieties  which  have  before  this  been 
classed  as  streptococci — e.  g.,  the  so-called  Streptococcus  mucosus 
capsulatus  {Streptococcus  mucosus  Schottmiiller),  when  first  isolated 
from  pneumonic  exudate  or  elsewhere,  and  planted  on  artificial  cul- 
ture media  containing  serum,  grows  as  a  rounded  coccus  with  a  small 
dense  distinct  capsule,  principally  in  short  or  medium  chains;  it 
produces  a  large  amount  of  mucus-like  zooglia,  forming  very  large 
spreading  colonies;  it  promptly  coagulates  fluid  serum  media  con- 
taining inulin.  It  is  also  very  virulent  for  mice,  but  only  moderately 
virulent  for  rabbits.  After  a  number  of  culture  generations  on  ordi- 
nary nutrient  agar  it  apparently  loses  most  of  these  characteristics. 
It  then  grows  in  small  colonies  principally  as  naked  diplococci  which 
may  be  elongated  and  pointed,  produces  no  zooglia,  and  loses  most 
of  its  virulence  for  mice  and  rabbits.  It  still  coagulates  inulin 
serum  media,  and  when  transferred  to  serum  media  regains  its  for- 
mer morphological  characteristics.  For  these  reasons  we  consider 
this  organism  a  distinct  variety  of  the  pneumococcus.  This  variety 
of  pneumococcus  has  been  isolated  by  us  from  the  lungs  after  death 
following  lobar  pneumonia,  out  of  twenty  consecutive  autopsies, 
as  the  only  organism  present  twice,  and  with  another  variety  of  pneu- 
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mococcus  once.  Together  with  other  varieties  it  was  isolated  from 
four  out  of  twenty  specimens  of  pneumonic  sputum,  and  from  sixty 
specimens  of  normal  throat  secretion  five  times. 

Another  group  of  pneumococci  quite  constantly  produces  large 
forms  and  large  capsules.  Still  anotiier  group  produces  principally 
small  forms  and  small  capsules.  Another  group  might  be  made  of 
morphologically  typical  pneumococci  which  do  not  coagulate  inulin 
serum  media. 

Immtmity. — ^Early  in  the  history  of  this  organism  experiments 
were  begun  for  the  production  of  immunity  in  animals  by  means  of 
preventive  inoculations.  Later  it  was  found  that  after  successive 
injections  of  gradually  increasing  doses  of  virulent  pneumococci 
into  certain  animals  (horse,  sheep,  goat,  rabbit),  a  serum  of  some 
protective  and  curative  power  in  experimental  animals  was  obtained. 
The  mode  of  action  of  this  serum  is  still  the  subject  of  study.  Ac- 
cording to  Wright,  Neufeld,  and  others,  its  activity  is  due  to  the 
presence  of  certain  substances  called  opsonins  (Wright),  or  bacterio- 
tropic  substances  (Neufeld),  which  act  on  the  bacteria  in  such  a 
way  as  to  prepare  them  for  ingestion  by  the  phagocytes. 

Agglutination  Reactions. — Neufeld,  Clairmont  and  others  demon- 
strated agglutinating  substances  for  the  pneumococcus  in  the  blood 
of  immunized  animals ;  they  concluded,  from  their  observations,  that 
this  test  might  be  used  as  a  means  of  diagnosis.  The  low  index  ob- 
tained by  them  and  the  few  strains  used  seemed  to  justify  this  as- 
sumption. 

We  have  found,  however,  that  when  a  high  index  is  reached  or  a 
large  number  of  strains  tested  the  variability  of  the  reaction  is  so 
great  as  to  render  it  impractical  as  a  means  of  diagnosis. 

For  instance,  one  strain  may  produce  agglutinins  common  to  itself 
and  four  or  five  other  strains,  while  70  or  80  other  strains  (all 
being  typical  pneumococci)  will  fail  to  react  in  the  serum. 

This  diversity  of  reaction  is  confirmed  also  by  the  absorption 
tests. 

In  the  case  of  the  pneumococcus  muoosus  {Streptococcus  mucosus 
Schottmiiller)  we  found  greater  uniformity  of  reaction,  all  strains 
tested  reacting  alike,  and  the  agglutinins  of  one  member  of  the  group 
were  absorbed  by  the  other  members. 

Therapeutic  Experiments.— The  number  of  cases  reported  in 
which  the  blood-serum  of  animals  artificially  immunized  against 
pneumonic  infection  has  been  used  for  the  treatment  of  the  disease 
in  human  beings,  although  numerous,  has  not  led  to  the  formation 
of  a  definite  opinion  as  to  the  final  value  of  this  as  a  therapeutic 
agent.  In  the  cases  we  have  observed  there  has  been  in  some  a  slight 
immediate  lowering  of  the  temperature;  in  others  no  apparent 
change.  As  a  rule,  the  cases  did  rather  better  than  was  expected, 
but  certainly  no  striking  curative  effects  were  apparent  The  cases 
did  not  develop  pneumococcus  blood  infection,  and  it  seems  probable 
that  the  serum  may  be  able  to  prevent  a  general  infection  from  taking 
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place  from  the  diseased  lung,  even  though  it  may  fail  to  influence 
the  local  process.  It  has  also  been  shown  that  these  injections  of 
antipneumococcic  serum  are  practically  harmless.  In  pneumococcus 
septicaemia  no  marked  results  have  been  seen.  The  majority  who 
received  the  injections,  as  well  as  those  not  receiving  them,  died. 

THE  PNEUMOBACILLnS  OF  FBIEDLANDEB. 

This  bacillus  discovered  by  Friedlander  (1883)  is  now  known  to 
occur  frequently  as  a  mixed  infection  in  cases  of  phthisis,  fibrinous 
pneumonia,  and  in  rare  instances  as  the  only  exciting  factor  in  pneu- 
monia. It  is  also  not  infrequently  found  in  the  mucous  membranes  of 
the  mouth  and  air  passages  of  healthy  individuals. 

Morphology. —Short  bacilli  with  rounded  ends,  often  resembling 
micrococci,  especially  in  recent  cultures;  commonly  united  in  pairs 
or  in  chains  of  four,  and,  under  certain  circumstances,  surrounded 
by  a  transparent  capsule.  This  capsule  is  not  seen  in  preparations 
made  from  artificial  culture  media,  but  is  visible  in  well-stained 
preparations  from  the  blood  of  an  inoculated  animal. 

Friedlander's  bacillus  stains  readily  with  the  aniline  colors,  but  is 
not  stained  by  Gram's  method. 

Biology. — An  aerobic,  non-motile,  non-liquefying  bacillus;  also 
facultative  anaerobic;  does  not  form  spores.  In  gelatin  stick  cul- 
tures it  presents  the  "  nail-shaped  "  growth  first  described  by  Fried- 
lander,  which  is  not,  however,  peculiar  to  this  bacillus,  and  in  old 
cultures  the  gelatin  acquires  a  distinct  brownish  coloration.  This 
latter  characteristic  distinguishes  the  growth  of  this  bacillus  from 
that  of  the  Bacillus  aerogenes,  which  is  otherwise  very  similar  to  it 
morphologically.  On  gelatin  plates  colonies  appear  at  the  end  of 
twenty-four  hours  as  small  white  spheres,  which  rapidly  increase  in 
size.  These  colonies,  when  examined  by  a  low-power  lens,  present 
a  somewhat  irregular  outline  and  a  slightly  granular  appearance. 
The  growth  on  agar  is  in  quite  large  and  moist  grayish  colonies.  On 
blood  serum  abundant,  grayish-white,  viscid  masses  are  developed. 
The  growtii  on  potato  is  luxuriant — a  thick,  yellowish-white,  glist- 
ening layer  rapidly  covering  the  entire  surface.  Milk  is  not  coagu- 
lated. Indol  is  produced  in  bouillon  or  peptone  solutions.  Milk- 
sugar  and  glucose  are  fermented.  Growth  occurs  at  16°  to  20°  C, 
but  is  more  rapid  at  3T°  C. 

Pathogenesis. — Friedlander's  bacillus  is  pathogenic  for  mice  and 
guinea-pigs,  less  so  for  dogs,  and  rabbits  are  apparently  immune.  On 
autopsy  after  death  due  to  inoculation  into  the  lungs,  the  pleural 
cavities  are  found  to  contain  a  seropurulent  fluid,  the  lungs  are  in- 
tensely congested,  and  in  places  show  limited  areas  of  red  hepatiza- 
tion ;  the  spleen  is  considerably  enlarged,  and  bacilli  are  present  in 
the  lungs,  the  pleuritic  fluid,  and  the  blood. 

Friedlander's  bacillus  has  been  found  in  man,  not  only  in  patients 
suffering  from,  croupous  pneumonia  and  other  respiratory  diseases^ 
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but  also  in  healthy  individuals,  and  in  the  outside  world.  Netter 
observed  it  in  4.5  per  cent  of  the  cases  examined  by  him  in  the 
saliva  of  healthy  individuals,  and  Pansini  in  cases  of  pulmonary 
tuberculosis  in  the  sputum.  Friedlander  believed  that  the  bacillus 
described  by  him  was  the  specific  cause  of  croupous  pneumonia ;  but 
in  129  cases  examined  by  Weichselbaum  this  bacillus  was  found  in 
only  9;  of  70  cases  examined  by  Wolf  only  3  showed  the  presence 
of  Friedlander's  pneumobacillus.  It  is  evident,  therefore,  that 
though  this  micro-organism  may  be  concerned  in  the  production  of 
certain  forms  of  the  disease,  it  is  not  the  specific  cause  of  croupous 
pneumonia.  The  cases  which  are  due  primarily  to  the  pneumo- 
bacillus are  distinguished,  according  to  Weichselbaum  and  Netter, 
by  their  peculiarly  malignant  type  and  by  the  viscidity  of  the  exu- 
date produced.  This  bacillus  is  also  probably  concerned,  primarily  or 
secondarily,  under  certain  circumstances,  in  the  production  of 
pleurisy,  abscess  of  the  lungs,  pericarditis,  endocarditis,  otitis  media, 
and  meningitis,  in  all  of  which  it  has  at  times  been  found  to  be 
present. 


CHAPTER  XXVIII. 

MENINGOCOCCUS    OR    DIPLOCOCCUS    (MICROCOCCUS)    INTRA- 

CELLULARIS  MENINGITIDIS,  AND  THE  RELATION  OF  IT 

AND  OF  OTHER  BACTERIA  TO  MENINGITIS. 

In  the  description  of  the  diplococcns  of  pneumonia  reference  was 
made  to  this  organism  as  the  most  frequent  cause  of  isolated  cases  of 
meningitis,  especially  when  it  complicated  pneumonia.  In  1887 
Weichselbaum  discovered  another  micrococcus  in  the  exudate  of 
cerebrospinal  meningitis  in  six  cases,  two  of  which  were  not  compli- 
cated by  pneumonia.  He  obtained  it  in  pure  cultures,  studied  its 
characteristics,  and  showed  that  this  organism  was  clearly  distin- 
guishable from  the  micrococcus  lanceolatus,  and  especially  by  its 
usual  presence  in  the  interior  of  pus-cells,  on  which  account  he  called 
it  Diplococcns  intracellvlwris  meningitidis.  The  frequency  of  the 
occurrence  of  this  diplococcus  in  meningitis  and  its  almost  complete 
restriction  to  ttis  disease  affords  suJSBcient  evidence  for  the  assump- 
tion that  it  is  concerned  in  its  production.  In  1895  Jaeger  and 
Schuerer  believed  they  found  it  in  the  nasal  secretions  of  eighteen 
living  persons  suffering  from  this  disease  during  an  epidemic. 

It  seems  very  probable  that  in  most  cases  of  primary  meningitis 
it  is  from  the  mucous  membrane  of  the  nasal  cavities  and  the  sinuses 
opening  out  from  them  that  both  the  diplococcus  of  pneumonia  and 
the  micrococcus  intracellularis  find  their  way  through  the  lymph 
channels  to  the  meninges.  The  former  we  know  to  be  almost  con- 
stantly present  in  the  nasal  cavities,  and  the  latter  we  have  reason  to 
believe  is  not  infrequently  there.  The  prevalence  of  epidemics  in 
winter  and  spring,  a  time  favorable  to  influenza  and  pneumonia,  also 
suggests  the  respiratory  tract  as  the  source  of  the  infection  and  the 
place  where  an  increase  in  virulence  takes  place.  We  do  not  as  yet 
know  why  meningitis  follows  in  some  persons  and  not  in  others  after 
infection  of  tte  mucous  membranes. 

The  meningococcus  dies  readily  when  dried,  so  that  we  seldom  in- 
hale it  except  in  rooms  occupied  by  those  infected.  Such  persons 
as  well  as  things  recently  soiled  by  their  nasal  secretion  are  especially 
dangerous. 

Morphology, — This  organism  occurs  as  biscuit-shaped  micrococci, 
usually  united  in  pairs,  but  also  in  groups  of  four  and  in  small 
masses;  sometimes  solitary  and  small  degenerated  forms  are  foimd. 
Cultures  resemble  strongly  those  of  gonococci  (see  Fig.  120).  In 
cultures  more  than  twenty-four  hours  old  larger  and  smaller  forms 
occur  and  some  which  stain  poorly.  These  are  involution  forms. 
In  the  exudation,  like  the  gonococcus,  to  which  it  bears  a  dose  re- 
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semblance  in  form  and  arrangement,  it  is  distinguished  by  its  pres- 
ence, as  a  rule,  within  the  polynuclear  leukocytes.  It  never  appears 
within  the  nucleus  and  rarely  within  other  cells  (Fig.  118). 

Staining. — It  stains  with  all  the  ordinary  aniline  colors,  but  best 
with  Loeffler's  methylene-blue.  It  is,  as  a  rule,  readily  decolorized 
bjjr  Gram's  solution.  Some  organisms  in  many  cultures  are  more 
resistant  than  others,  but  none  are  definitely  Gram  positive.  It  is 
almost  certain  ttat  the  positive  cocci  which  have  been  described  as 
meningococci  are  really  contaminating  organisms. 

Biology.— It  grows  between  25"^  and  40°  C,  best  at  about  37.5° 
C,  and  its  development  is  usually  scanty  on  the  surface  of  nutrient 
agar,  but  sometimes  a  few  colonies  grow  quite  vigorously.  Now  and 
then  cultures  grow  at  23°  C.  or  slightly  less.  It  grows  scarcely  at 
all  in  bouillon,  and  scantily  in  bouillon  plus  one-third  blood-serum. 
It  develops  comparatively  well  on  Loeffler's  blood-serum  medium 
as  used  for  diphtheria  cultures,  and  on  blood-serum  or  ascitic  fluid 
agar. 

Of  the  usual  sugars  the  meningococcus  ferments  dextrose  only  and 
even  this  not  sufficiently  to  coagulate  the  serum  media.  It  grows  on 
5  per  cent  glycerin  agar  as  well  as  on  plain  agar. 

When  grown  on  nutrient  agar 
or  glycerin  agar,  a  tolerably  good  ^^o.  iis 

growth  develops  at  the  end  of 
forty-eight  hours  in  the  incubator. 
This  appears  as  a  flat  layer  of 
colonies,  about  one-eighth  of  an 
inch  in  diameter,  grayish-white  in 
color,  finely  granular,  rather  vis- 
cid, and  non-confluent  unless  very 
close  together.  On  Loeffler's 
blood  serum  the  growth  forms 
round,  whitish,  shining,  viscid- 
looking  colonies,  with  smooth  and 
sharply-defined  outlines;  these 
may  attain  diameters  of  one- 
eighth  to  one-sixteenth  of  an  inch 
in  twenty-four  hours.  The  col- 
onies  tend   to  become  confluent 

and  do  not  liquefy  the  serum.  From  the  spinal  fluid  in  acute 
cases,  where  tiie  organisms  are  apt  to  be  more  abundant,  a 
great  many  minute  colonies  may  develop  instead  of  a  few 
larger  ones.  On  agar  plates  the  deep-lying  colonies  are  almost 
invisible  to  the  naked  eye;  somewhat  magnified  they  appear 
finely  granular,  with  a  dentated  border.  On  the  surface  they 
are  larger,  appearing  as  pale  disks,  almost  transparent  at  the  edges, 
but  more  compact  toward  the  centres,  which  are  yellowish-gray  in 
color.  On  blood  agar  or  serum  agar  the  growth  is  much  more  lux- 
uriant than  on  plain  agar  and  larger  than  the  gonococcus.     Not 
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infrequently  no  growth  is  obtained  when  the  cerebrospinal  fluid 
containing  the  diplococci  is  placed  on  plain  agar,  and  in  rare  in- 
stances no  growth  appears  when  serum  agar  is  used.  Cultivated  in 
artificial  media,  while  it  often  lives  for  weeks,  it  may  die  within  four 
days,  and  requires,  therefore,  to  be  transplanted  to  fresh  material  at 
short  intervals — at  least  every  two  days. 

Resistance.— It  is  readily  killed  by  heat,  sunlight,  and  drying. 

Pathogenesis. — This  organism  does  not  show  marked  pathogenic 
power  for  adult  animals.  It  is  most  pathogenic  for  mice  and 
guinea-pigs,  less  so  for  rabbits  and  dogs.  Subcutaneous  injections 
in  animals  when  large  cause  death;  intrapleural  or  intraperitoneal 
inoculations  in  mice  and  guinea-pigs,* when  given  in  large  doses 
(Ko  to  /4  of  a  blood-serum  culture),  are  usually  fatal.  Intravenous 
injections  in  rabbits  have  caused  the  death  of  the  animal,  but  no 
increase  of  diplococci  in  the  blood  or  characteristic  pathological 
changes  have  been  found  as  a  result  of  the  injections. 

When  mice  are  inoculated  into  the  pleural  or  peritoneal  cavities 
they  usually  fall  sick  and  die  within  thirty-six  to  forty-eight  hours, 
showing  slight  fibrinopurulent  exudation.  In  the  blood  and  en- 
enlarged  spleen  diplococci  are  found  in  small  numbers  and  mostly 
free;  in  the  pleuritic  exudation  they  are  present  in  considerable 
quantities,  less  so  in  the  peritoneal  fluid,  but  then  occurring  in  the 
interior  of  pus  cells. 

Certain  experiments  made  by  Weidiselbaum  on  dogs,  though  not 
entirely  successful,  are  interesting  as  showing  the  similarity  of  the 
disease  produced  in  them  artificially  with  meningitis  as  occurring  in 
man.  The  three  dogs,  trephined  and  inoculated  subdurally  with 
0.5  to  2  c.a  of  a  fresh  culture,  all  died:  No.  1  within  twelve  hours, 
No.  2  in  three  days,  and  No.  3  in  twelve  days.  In  Nos.  1  and  2 
there  were  found  hypersemia  of  the  meninges,  with  inflammatory 
softening  of  the  brain  at  the  point  of  inoculation,  which  on  nearer 
inspection  proved  to  be  a  true  encephalitic  process.  In  dog  No.  2, 
in  which  the  disease  was  of  longer  duration,  these  changes  were  the 
most  pronounced.  Numerous  diplococci  were  observed  in  the  sec- 
tions removed,  for  the  most  part  free,  but  some  few  within  the  pus 
cells.  In  dog  No.  3,  in  which  the  disease  lasted  twelve  days,  a  thick, 
reddish,  purulent  liquid  was  found  between  the  dura  mater  and  the 
brain  at  the  point  of  the  inoculation ;  in  the  brain  itself  an  abscess 
had  formed,  about  the  size  of  a  hazel-nut,  filled  with  tough,  yellow 
pus,  while  the  abscess  walls  consisted  of  softened  brain  substance 
infiltrated  with  numerous  hemorrhagic  deposits.  The  ventricles  on 
that  side  contained  a  cloudy,  reddish  fluid,  with  flocks  of  pus;  but 
no  diplococci  could  be  demonstrated  in  the  blood  or  exudations.  In 
our  experience  injection  of  a  recent -culture  into  the  spinal  canal  of 
very  young  puppies  is  regularly  followed  by  iiie  results  noted  by 
Weichselbaum.  Such  effects  are  not  observed  in  older  dogs.  In 
monkeys  Flexner  was  able  to  produce  rather  characteristic  symptoms 
and  lesions. 
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Presence  in  the  Nasal  Cavity  of  the  Sick  and  Those  in  Contact  with 
Them. — In  1  of  his  6  cases  Weichselbaum  succeeded  in  obtaining  dip- 
lococei  from  the  nasal  secretion.  Scheurer,  in  his  18  cases,  found  the 
diplococci  in  the  nasal  secretions  of  all  of  them  during  life.  In  50 
healthy  individuals  examined  they  were  foimd  in  the  nasal  secre- 
tions of  only  two,  one  being  a  man  suffering  at  the  time  from  a 
severe  cold.  This  man,  it  is  interesting  to  note,  had  been  engaged 
in  disinfecting  a  room  which  had  previously  been  occupied  by  a  pa- 
tient with  cerebrospinal  meningitis.  Lately,  there  has  been  a  ten- 
dency to  throw  doubt  on  these  findings,  but  from  our  experience  in 
the  recent  epidemic  in  New  York,  one  can  state  that  the  meningo- 
cocci are  usually  present  in  great  numbers  in  tte  nose  and  naso- 
pharynx in  most  cases  of  meningitis  during  the  first  twelve  days  of 
illness.  After  the  fourteenth  day  they  cannot  usually  be  found.  In 
one  case  Goodwin  of  our  laboratory  obtained  them  on  the  sixty- 
seventh  day.  She  also  found  them  in  five  persons  out  of  sixty 
tested  who  had  been  in  close  contact  with  the  sick,  and  in  two  of  fifty 
medical  students. 

Complicating  Infections. — Occasionally  we  find  secondary  .  to  the 
cerebrospinal  meningitis,  and  due  to  the  micrococcus,  inflamma- 
tions of  nasal  cavities  and  tteir  accessory  sinuses,  also  catarrhal 
inflammations  of  the  middle  ear,  acute  bronchitis,  and  pneumonia. 
The  absolute  determination  of  the  identity  of  the  micrococcus  found 
in  these  conditions  has  not  been  established,  so  that  the  above  com- 
plications can  only  be  considered  as.  probably  due  to  this  organism. 

Except  in  cases  of  meningitis  the  micrococcus  has  been  absolutely 
identified  only  in  cases  of  rhinitis.  Several  observers  believe  they 
have  found  it  in  the  diseases  mentioned  above  as  occasionally  coln- 
plicating  meningitis. 

Meningococci  in  the  Blood. — Elser  in  forty  cases  examined  during 
the  early  days  of  the  disease  found  them  in  ten. 

Agglutination  Characteristics. — Meningococci  are  agglutinated  in 
dilutions  of  the  blood  serum  of  animals  immunized  to  any  true  cul- 
ture. As  a  rule  dilutions  higher  than  1:40  do  not  give  reactions. 
In  the  second  and  third  weeks  of  disease,  agglutination  in  1:10  or 
higher  dilutions  of  serum  may  be  obtained. 

Semm  Treatment. — Serum  from  horses  immunized  to  the  living 
organisms  and  to  their  products  has  been  injected  in  a  number  of 
cases  in  Austria,  Germany,  England  and  America.  Paltauf,  Flex- 
ner  and  Wasserman  have  reported  good  results  from  sera  prepared  by 
them.  Our  limited  trials  with  the  serum  have  been  inconclusive, 
but  we  are  very  hopeful.  The  serum  is  injected  into  the  spinal  canal. 
Lumbar  puncture  is  first  performed  and  when  possible  twenty  or 
thirty  c.c.  of  fluid  withdrawn.  Twenty  or  thirty  e.a  of  serum  are 
then  injected.  Usually  two  or  three  doses  are  given.  Many  cases 
are  being  injected  so  that  a  decision  should  soon  be  reached. 

Bacteriological  Diagnosis. — ^By  means  of  lumbar  puncture,  fluid 
can  readily  be  obtained  from  the  spinal  canal  without  danger.     The 
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skin  must  be  thoroughly  cleansed  and  the  needle  aseptic.  The 
fluid  should  be  placed  in  a  sterile  conical  glass  to  settle.  The  sedi- 
ment should  be  used  to  make  smears  to  examine  (1)  for  pus  cells, 
(2)  for  tubercle  bacilli,  and  (3)  for  other  organisms.  By  Gram's 
stain  we  are  able  to  separate  the  three  Gram-positivo  organisms  met 
with  in  meningitis  (pneumococcus,  streptococcus,  and  staphylo- 
coccus) from  the  otters.  Of  importance  also  is  the  point  that  tie  mi- 
crococcus intracellularis  is  usually  inside  the  leukocytes  in  the  form  of 
diplococci  of  varying  size,  of  coffee-bean  shape,  or  of  tetracocci, 
while  the  pneumococcus  is  frequently  outside  the  cells  and  is  usually 
spherical  or  lancetrshaped  and  frequently  occurs  in  short  chains. 
Sometimes  the  bacteria  are  present  in  very  small  numbers,  and 
then,  many  smears  must  be  looked  through  before  a  probable 
diagnosis  can  be  made.  In  all  cases  absolute  certainty  can  only 
be  obtained  through  cultures.  Here  plain  nutrient  agar,  serum 
agar,  and  blood-agar  plates  should  be  made,  and,  if  desired,  tubes 
also.  When  considerable  quantities  are  inoculated  upon  these 
media  and  meningococci  are  present,  as  a  rule,  a  greater  or  less  num- 
ber of  colonies  having  the  characteristics  already  described  will  de- 
velop. The  value,  clinically,  of  the  examination  is  that  about  40 
per  cent  of  the  cases  due  to  this  coccus  recover,  while  almost  all  of 
those  due  to  the  pneumococcus  and  streptococcus  die. 

In  many  cases  there  are  very  few  diplococci  present  in  the  spinal 
fluid,  so  that  a  failure  to  find  ihem  in  a  microscopic  examination 
should  not  be  taken  to  prove  that  the  disease  was  not  due  to  this 
organism.  For  cultures  a  considerable  amount  of  fluid  must  be  used, 
for  we  have  found,  as  described  by  Councilman  and  others,  that 
there  may  be  very  few  living  diplococci  even  in  1  c.c.  of  fluid. 

To  obtain  the  fluid  the  patient  should  lie  on  the  right  side  with  the 
knees  drawn  up  and  the  left  shoulder  depressed.  The  skin  of  the 
patient's  back,  the  hands  of  the  operator,  and  the  large  antitoxin 
syringe  should  be  sterile.  The  needle  should  be  4  cm.  in  length, 
with  a  diameter  of  1  mm.  for  children,  and  longer  for  adults. 

The  puncture  is  generally  made  between  the  third  and  fourth 
lumbar  vertebrae.  The  thim[ib  of  the  left  hand  is  pressed  between 
the  spinous  processes,  and  the  point  of  the  needle  is  entered  in  the 
median  line  or  a  little  to  the  right  of  it,  and  on  a  level  with  the 
thumb-nail,  and  directed  slightly  upward  and  inward  toward  the 
median  line.  At  a  depth  of  3  or  4  cm.  in  children  and  7  or  8  cm. 
in  adults  the  needle  enters  the  subarachnoid  space,  and  on  withdraw- 
ing the  obturator  the  fluid  flows  out  in  drops  or  in  a  stream.  If  the 
needle  meets  a  bony  obstruction  withdraw  and  thrust  again  rather 
than  make  lateral  movements.  Any  blood  obscures  the  microscopic 
examination.  The  fluid  is  allowed  to  drop  into  absolutely  sterile 
test-tubes  or  vials  with  sterile  stoppers.  From  5  to  15  c.c.  should 
be  withdrawn.  No  ill  effects  have  been  observed  from  the  opera- 
tions. On  the  contrary  the  relief  of  pressure  frequently  produces 
beneficial  results. 
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Differential  Diagnosis  from  Gtonococci. — ^As  a  rule  the  portion  of 
the  body  from  which  the  organisms  are  obtained  reveals  their  source. 
When  tiiis  is  insufficient  careful  culture  and  agglutination  tests  are 
required. 

Other  Organisms  Exciting  Meningitis. — 1.  The  pneumococcus. 
This  diplocoocus  is  one  of  the  most  frequent  exciters  of  meningitis, 
not  only  when  it  is  a  primary  disease,  but  also  when  it  is  secondary 
to  a  pneumonia,  otitis,  etc 

2.  The  Streptococcus  pyogenes  and  the  Staphylococcus  pyogenes. 
Meningitis  due  to  these  organisms  is  almost  always  secondary  to 
some  other  infection,  such  as  otitis,  tonsillitis,  erysipelas,  endo- 
carditis, suppurating  wounds  of  scalp  and  skull,  etc. 

3.  The  Bacillus  influenzas.  Numerous  reports  have  been  pub- 
lished of  the  presence  of  influenza  bacilli  in  the  meningeal  exu- 
date. Those  that  are  reliable  state  in  almost  every  instance  that  the 
meningitis  is  secondary  to  infection  of  the  lungs,  bronchi,  the  nasal 
cavities  or  their  accessory  sinuses. 

4.  The  colon  bacillus,  the  typhoid  bacillus,  that  of  bubonic  plague 
and  of  glanders,  all  may  cause  a  complicating  purulent  meningitis. 

5.  In  isolated  cases  of  meningitis  complicating  otitis  media  and 
other  infections,  other  bacteria,  such  as  the  Micrococcus  tetragenus, 
the  Bacillus  pyocyaneus,  the  gonococcus,  eta,  may  be  found. 

MICBOOOCCnS  CATABEHALIS  (B.  PFEIFFEB). 

Micrococci  somewhat  resembling  meningococci  are  found  in  the 
mucous  membranes  of  the  respiratory  tract  They  are  believed  at 
times  to  excite  catarrhal  inflammation  of  the  mucous  membranes. 
These  are  at  present  included  under  the  designation  of  Micrococcus 
catarrhaXis. 

Microscopic  Appearance. — They  usually  occur  in  pairs,  some- 
times in  fours ;  never  in  chains.  The  cocci  are  coffee-b^n  in  shape 
and  slightly  larger  than  the  gonococcus,  and  are  negative  to  Gram's 
stain. 

The  micrococci  are  not  motile  and  produce  no  spores. 

Cultivation.— They  grow  between  20^  and  40°  C,  best  at  37°  C. 
and  less  rapidly  at  somewhat  lower  temperatures,  developing  on 
ordinary  nutrient  agar  as  grayish-white  or  yellowish-white,  circular 
colonies  of  the  size  of  meningococci.  The  borders  of  the  colonies 
are  irregular  and  abrupt  as  though  gouged  out  They  have  a  mor- 
tar-like consistency.  On  serum-agar  media  the  growth  is  more  lux- 
uriant. Gelatin  is  not  liquefied.  Bouillon  is  clouded,  often  with 
the  development  of  a  pellicle.  Milk  is  not  coagulated,  but  dextrose 
serum  media  may  be.     Gas  is  not  produced. 

Location  of  Organisms. — In  the  secretion  of  normal  mucous  mem- 
branes they  are  occasionally  present  In  certain  diseased  conditions 
of  the  mucous  membranes  they  may  be  abundant 

Pathogenic  Effects  in  Animals. — ^For  white  mice,  guinea-pigs^  and 
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rabbits,   some   cultures   are   as   pathogenic  as  meningococci,   while 
others  are  less  so. 

Differential  Points  Separating  them  from  the  MeningococcL — 
These  organisms  have  undoubtedly  been  at  times  confused.  Some 
assert  that  the  meningococci  grow  only  above  25°  C.  Many  cord 
cultures  of  meningococci  grow  below  this  point.  Some  assert  that  tte 
meningococci  will  not  grow  on  5  per  cent  glycerin  agar.  Many 
imdoubted  cultures  do.  Careful  agglutinin  absorption  tests  are  of 
great  differential  value,  but  can  only  be  carried  out  safely  by  one 
accustomed  to  them.  The  meningococci  tested  by  us  have  removed 
all  tte  agglutinins  acting  upon  meningococci  from  a  specific  meningo- 
coccus serum  while  the  allied  organisms  have  removed  only  about 
sixty  per  cent  of  them.  The  probability  is  that  the  organisms  de- 
scribed by  different  writers  aa  Micrococcus  catarrhalis  were  not  all 
the  same  variety,  and  some  of  them  were  meningococci. 


CHAPTER  XXIX. 

THE  GONOCOCCUS  OR  MICROCOCCUS  GONORRHOE^^-THE 
DUCREY  BACILLUS  OF  SOFT  CHANCRE. 

The  period  at  which  gonorrhoea  began  to  inflict  man  is  unknown. 
The  earliest  records  make  mention  of  it  Wherever  civilized  man 
has  penetrated  gonorrhoea  is  prevalent  among  the  people.  Except  for 
a  period  after  the  fifteenth  century  it  was  generally  recognized  as  a 
communicable  disease  and  laws  were  made  to  control  its  spread. 
The  differentiation  between  the  lighter  forms  of  gonorrhoea  and  some 
other  inflammations  of  the  mucous  membranes  was,  however,  almost 
impossible  until  the  discovery  of  the  specific  micro-organism  by 
Neisser,  in  1879. 

The  organism  was  first  observed  in  gonorrhceal  discharges,  and,  de- 
scribed by  him  under  the  name  of  "  gonococcus ;''  but  though  several 
attempted  to  discover  a  medium  upon  which  it  might  be  cultivated, 
it  was  reserved  for  Bumm,  in  1885,  to  obtain  it  in  pure  culture  upon 
coagulated  human-blood  serum,  and  then  after  cultivating  it  for 
many  generations  to  prove  its  infective  virulence  by  inoculation  into 
man.  The  researches  of  Neisser  and  Bumm  established  beyond 
doubt  that  this  organism  is  the  specific  cause  of  gonorrhoea  in  man. 
Gonorrhoea  is  in  almost  aU  cases  among  adults  transmitted  through 
sexual  intercourse.  Gonorrhoeal  ophthalmia  is  a  frequent  accidental 
infection  at  birth  and  vaginitis  in  the  young  child  is  frequently  pro- 
duced by  the  carelessness  of  the  nurse  or  mother  carrying  infection. 

Microscopic  Appearance. — Micrococci,  occurring  mostly  in  the 
form  of  diplococci.  The  bodies  of  the  diplococci  are  elongated,  and, 
as  shown  in  stained  preparations,  have  an  unstained  division  or 
interspace  between  two  flattened  surfaces  facing  one  another,  which 
give  them  their  characteristic  "  coffee-bean "  or  "  kidney "  shape. 
The  older  cocci  lengthen,  then  become  constricted  in  their  middle 
portion,  and  finally  divide,  making  new  pairs  (Fig.  119).  The 
diameter  of  an  associated  pair  of  cells  varies  according  to  their 
stage  of  development  from  0.8ft  to  I.6/1  in  the  long  diameter — aver- 
age about  1.25fi — by  0.6ft  to  0.8/a  in  the  cross  diameter. 

Extracellular  and  Intracellular  Position  of  Gtonococci. — In  gonor- 
rhoea, during  the  earliest  stages  before  the  discharge  becomes  puru- 
lent, the  gonococci  are  found  mostly  free  in  the  serum  or  plastered 
upon  the  epithelium  cells,  but  later  almost  entirely  in  small,  irre^i- 
lar  groups  in  or  upon  the  pus  cells,  and  always  extranuclear.  With 
the  disappearance  of  the  pus  formation  more  free  gonococci  appear. 
Discharge  expressed  from  the  urethra  usually  contains  more  free 
organisms  than  the  natural  flow.     Gonococci  are  sometimes  irregular 
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in  shape  or  granular  in  appearance^  involution  forms,  found  par- 
ticularly in  older  cultures  and  in  chronic  urethritis  of  long  standing. 
Single  pus  cells  sometimes  contain  as  many  as  one  hundred  gono- 
cooci  and  seem  to  be  almost  bursting  and  yet  show  but  slight  signs  of 
injury.  These  diplooocci  are  also  found  in  or  upon  desquamated 
epithelial  cells.  There  is  still  discussion  as  to  whetiier  the  gonococci 
actively  invade  the  pus  cells  or  only  are  taken  up  by  them.  There 
is  no  evidence  that  the  gonococci  are  destroyed  by  the  pus  cells 
(Fig.  120). 

Staining. — The  gonococcus  stains  readily  with  the  basic  aniline 
colors.  Loeffler's  solution  of  methylene-blue  is  one  of  the  best  stain- 
ing agents  for  demonstrating  its  presence  in  pus,  for,  while  staining 
the  gonococci  deeply,  it  leaves  the  cell  protoplasm  but  faintly  stained. 
Fuchsin  is  apt  to  overstain  the  cell  substanca  Beautiful  double- 
stained  preparations  may  be  made  from  gonorrhceal  pus  by  treating 
cover-glass  smears  with  methylene-blue  and  eosin.  Numerous  meth- 
ods for  double  staining  have  been  employed,  with  the  object  of  mak- 
ing a  few  gonococci  more  conspicuous.  Xone  of  them  have  any 
specific  characteristics  such  as  the  Gram  stain.  It  is  now  established 
that  gonococci  from  fresh  cultures  and  from  recent  gonorrhoeal  in- 
fections are,  when  properly  treated  by  Gram's  method,  quickly  and 
surely  robbed  of  their  color  and  take  on  the  contrast  stains.  The 
removal  of  the  stain  from  gonococci  in  old  flakes  and  threads  from 
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Smear  from  pure  culture  of  gonococcus  on 
agar,     x  1100  diameters.      (Heiman.) 


Gonococcus  In  pus  cells. 
X  1100  diameters. 


chronic  cases  is  not  so  certain.  This  difference  is  mostly  due  to  the 
fact  that  equally  uniform  specimens  cannot  be  prepared.  The  de- 
colorized gonococci  are  stained  by  dipping  the  films  for  a  few  sec- 
onds into  a  1:10  dilution  of  carbol-fuschin,  or  a  solution  of  bis- 
marck  brown.  This  staining  should  be  for  as  short  a  time  as  suffices 
to  stain  the  decolorized  organisms.  This  method  of  staining  cannot 
be  depended  upon  alone  absolutely  to  distinguish  the  gonococcus 


THE    G0N0C0CCU8.    •  399 

from  all  other  diplococci  found  in  the  urethra  and  vulvo-vaginal 
tract,  for,  especially  in  the  female,  other  diplococci  are  occasionally 
found  which  are  also  not  stained  by  Gram's  method.  It  serves, 
however,  to  distinguish  this  micrococcus  from  tte  common  pyogenic 
cocci,  which  retain  their  color  when  treated  in  the  same  way,  and  in 
the  male  urethra  it  is  practically  certain,  as  no  organism  has  been 
found  in  that  location  which  in  morphology  and  staining  is  identical 
with  the  gonococcus.  It  is  certainly  the  most  distinctive  character- 
istic of  the  staining  properties  of  the  gonococcus,  and  it  is  a  test  that 
should  never  be  neglected  in  differentiating  this  organism  from  others 
which  are  morphologically  similar. 

Biology. — Grows  best  at  blood  temperature;  the  limits  being 
roughly  25°  and  40°  C.  It  is  a  facultative  anaerobe.  It  is  not 
motile  and  produces  no  spores. 

Culture  Media. — The  gonococcus  requires  for  its  best  growth  the 
addition  to  nutrient  agar  of  a  small  percentage  of  blood  serum  or 
some  equivalent     The  following  media  have  proven  of  value: 

1.  Human  blood  from  the  sterilized  finger  streaked  on  common 
nutrient  agar. 

2.  Human-blood  serum,  1  part  added  to  and  mixed  with  2  parts 
melted  5  per  cent,  glycerin  nutrient,  1.5  per  cent,  agar  having  a  temp- 
erature of  55°  to  60°  C.  The  whole  after  mixing  being  poured  into 
a  Petri  dish  or  cooled  slanted  in  a  tube.  The  same  proportions  of 
nutrient  broth  and  serum  make  a  suitable  fluid  medium. 

3.  Human  ascitic,  pleuritic  or  cystic  fluid  is  same  proportions  as 
blood  serum.     One  per  cent  glucose  may  be  added. 

4.  Swine  serum  nutrose  media.  Wasserman  strongly  recom- 
mends this  mixture.  (See  under  Media.)  In  our  hands  it  has 
given  good  results. 

5.  Nutrient  or  5  per  cent  glycerin  agar.  When  considerable  pus 
is  streaked  on  simple  agar  media  a  good  growth  of  gonococci  is  usually 
obtained.  After  continued  cultivation  gonococci  cultures  frequently 
grow  on  media  containing  no  serum.  Some  strains  grow  on  ordinary 
glycerin  or  glucose  nutrient  agar  and  even  on  plain  nutrient  agar 
from  the  start 

Viability. — Cultures  frequently  die  in  forty-eight  to  seventy-two 
hours  when  kept  at  room  temperature.  In  the  ice-box  they  may  live 
for  several  weeks.  They  may  live  for  one  week  in  the  thermostat  at 
36°  C.  on  plain  nutrient  agar  if  regularly  transplanted. 

Appearance  of  Colonies. — A  delicate  growth  is  characteristic  At 
the  end  of  twenty-four  hours  there  will  have  developed  translucent, 
very  finely  granular  colonies,  with  scalloped  margin.  The  margin 
is  sometimes  scarcely  to  be  differentiated  from  the  culture  mediiun. 
In  color  they  are  grayish-white,  with  a  tinge  of  yellow.  The  tex- 
ture is  finely  granular  at  the  periphery,  presentinsj  punctated  spots 
of  higher  refraction  in  and  around  the  centre  of  yellowish  color 
(Fig.  121). 
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Snrface  Streak  Cnltnre. — Translucent  grayish-white  growth,  with 
rather  thick  edges. 

Resistance. — The  gonococcus  has  but  little  resistant  power  against 
outside  influences.  It  is  killed  by  weak  disinfecting  solutions  and 
by  desiccation  in  thin  layers.  In  comparatively  thick  layers,  how- 
ever, as  when  gonorrhoea!  pus  is  smeared  on  linen,  it  has  lived  for 
forty-nine  days,  and  dried  on  glass  for  twenly-nine  days  (Heiman). 
It  is  killed  at  a  temperature  of  45°  C.  in  six  hours  and  of  60°  in 
about  thirty  minutes. 

Occurrence  of  Gtonococci. — Outside  of  the  human  body  or  material 
carried  from  it  gonococci  have  not  been  found. 

Pathogenesis. — Non-transmissible  to  all  animals.  Both  the  liv- 
ing and  dead  gonococci  contain  toxic  substances  which  cause  death  or 
injury  when  injected  in  large  quantities. 

Though  animal  inoculations  are 
thus  followed  by  negative  results, 
the  etiological  relation  of  the  gono- 
coccus to  human  gonorrhea  has 
been  demonstrated  beyond  question 
/    ^^^^^  \      l>y  the  infection  of  a  number  of 

/      ^^^^V  \     healthy  men  with  the  disease  by 

r        ^W^^  \    the  inoculation  of  pure  cultures  of 

t  i     the  micro-organism. 

^^L  Toxins. — In  the  gonococcus  cells 

^^  l^^^^^^KS^  /       substances  are  present  which  are 

^L  ^^^^IHPy        toxic  after  heating  and  contact  with 

X^  ^^^^^^^         alcohol.     Injected  in  considerable 

x.,.^^^  ^^.^  amounts  into  rabbits,  they  cause 

infiltration  and  often  necrosis. 
Applied  to  the  urethral  raucous 
membrane  there  is  produced  an  in- 
flammation of  short  duration.  In  gonorrhoea  the  secretion  is  believed 
to  be  due  to  these  intracellular  toxins.  Repeated  injections  give  no 
appreciable  immunity.  The  filtrate  of  recent  gonococcus  cultures 
contains  little  or  no  appreciable  toxin.  The  typical  incubation  and 
symptoms  of  the  disease  resulted  in  all  cases  in  the  subjects  experi- 
mented on. 

Tmimmity. — Immunity  in  man  after  recovery  from  infection 
seems  to  be  only  slight  in  amount  and  for  a  short  jxriod  if  present 
at  all.  It  is  known  that  the  urethra  in  man  or  cervix  uteri  in 
woman  may  contain  gonococci  which  lie  dormant  and  may  be  innoc- 
uous in  that  person  for  years,  but  which  may  at  any  time  excite  an 
acute  gonorrhoea  in  another  individual  or,  under  stimulating  condi- 
tions, in  the  one  carrying  the  infection.  Animals  may  however  be 
immunized  and  their  blood  is  both  bactericidal  and  slightly  anti- 
toxic. 

Therapeutic  Use  of  Serum  and  Vaccine. — The  use  of  sera  in  acute 
gonorrhoeal  joint  inflammation  has  given  in  a  considerable  percentage 
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of  cases  good  results  and  seems  to  be  worth  trying.  It  seems  to  be 
useless  in  acute  gonorrhoea  of  the  mucous  membranes.  Vaccines 
(heated  cultures)  have  also  been  used  with  apparently  some  benefit 
in  joint  inflammations  and  even  in  very  localized  chronic  infections. 
The  dose  is  from  two  to  twenty  millions  given  every  five  to  seven 
days.     The  benefit  of  serum  and  vaccine  in  septicsemia  is  doubtful. 

Agglutmation. — Torrey  has  shown  that  gonococci  resemble  pneu- 
mococci  in  that  there  are  a  number  of  different  strains  which  have 
different  specific  and  but  little  common  agglutinins.  The  agglutina- 
tion test  is  of  no  practical  value  in  diagnosis. 

Duration  of  Infections  and  of  Contagious  Period. — There  is  no 
limit  to  the  time  during  which  a  man  or  woman  may  remain  infected 
with  gonococci  and  infect  others.  We  have  had  one  case  under  obser- 
vation where  twenty  years  had  elapsed  since  exposure  to  infection, 
and  yet  the  gonococci  were  still  abundant.  It  is  now  well  established 
that  most  of  the  inflammations  of  the  female  genital  tract  are  due  to 
gonococci,  and  the  majority  of  such  infections  are  produced  in  inno- 
cent women  by  their  husbands  who  are  suffering  from  latent  gonor- 
rhoea. 

Disease  Conditions  Excited  by  Gtonococci. — Affections  due  to  this 
organism  are  usually  restricted  to  the  mucous  membranes  of  the 
urethra,  prostate,  neck  of  bladder,  cervix  uteri,  vagina,  and  con- 
junctiva. The  conjunctival,  vaginal,  and  rectal  mucous  membranes 
are  much  more  sensitive  in  early  childhood  than  in  later  life.  The 
usual  course  of  the  inflammation  is  as  follows :  The  gonococci  first 
increase  upon  the  mucous  membranes  which  show  congestion,  infil- 
tration with  serous  exudate  and  accumulation  of  leukocytes.  The 
cocci  then  penetrate  the  epithelial  layer  down  to  the  submucous  con- 
nective tissue.  Eecovery  or  a  prolonged  chronic  inflammation  may 
then. persist  The  original  infection  of  the  urethra  or  vagina  and 
cervix  may  remain  localized  or  spread  to  adjacent  parts  or  through 
blood  and  lymph  be  carried  to  all  parts  of  the  body.  ,  Gonococci 
thus  cause  many  cases  of  endometritis,  metritis,  salpingitis,  oopho- 
ritis, peritonitis,  prostitis,  cystitis,  epididymitis,  and  arthritis.  Ab- 
scesses of  considerable  size,  periostitis,  and  otitis  are  occasionally  due 
to  the  gonococcus. 

Endocarditis  and  Septicaemia. — Cases  of  gonococcus  endocarditis 
and  septicsemia  are  not  infrequent  Gonococcus  septicaemia  may 
occur  in  connection  with  other  localizations  or  alone.  Nearly  every 
year  one  or  two  of  these  cases  are  met  with  in  every  general  hospital. 
In  a  considerable  number  of  cases  where  gonococci  are  obtained  from 
the  blood  the  patients  recover.  The  fever  is  sometimes  typhoid-like 
in  character. 

Complications: — General  infections  with  gonococci  is  often  fol- 
lowed or  accompanied  by  neuralgic  affections,  muscle  atrophies  and 
neuritis.     Urticaria  occasionally  occurs. 

Bacteriological  Diagnosis  of  Oonorrhoea. — In  view  of  the  fact 
that  several  non-gonorrhoeal  form§  of  urethritis  occasionally  exist, 
27 
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and  also  that  micrococci  morphologically  similar  to  the  gonococcus 
Neisser  are  at  times  found  in  the  normal  vulvovaginal  tract  of 
adults  it  becomes  a  matter  of  importance  to  be  able  to  detect  gono- 
cocci  when  present^  and  to  differentiate  these  from  the  nouHspecific 
organisms.  Besides  this,  the  gonococci  which  occur  in  old  cultures 
and  in  chronic  urethritis  of  long  standing  sometimes  take  on  a  very 
diversified  appearance.  From  a  medicolegal  and  social  standpoint, 
therefore,  the  differential  diagnosis  of  the  gonococcus  has  in  certain 
cases  a  very  practical  significance. 

There  are  two  methods  of  differential  diagnosis  now  available — 
the  microscopic  and  the  cultural.  Animal  inoculations  are  of  no 
value,  as  animals  are  not  susceptible,  and,  of  course,  human  inocu- 
lations are  generally  impossible.  In  the  microscopic  diagnosis  it 
should  be  borne  in  mind  that  after  the  acute  serous  stage  has  passed, 
the  specific  gonococci  in  carefully  made  preparations  are  always 
found  largely  within  the  pus  cells.  Diplococci  morphologically  simi- 
lar to  gonococci  occurring  in  other  portions  of  the  field  and  outside  of 
the  pus  cells  should  not  be  considered  specific  by  this  test  only.  It 
should  also  be  remembered  that  the  gonococci  are  decolorized  by 
Gram's  method,  while  other  similar  micrococci  which  occur  in  the 
urethra  are,  as  a  rule  at  least,  not  so  decolorized.  Organisms 
having  these  characteristics  can  for  all  practical  purposes  be  consid- 
ered as  certainly  gonococci  if  obtained  from  the  urethra.  From 
the  vulvo-vaginal  tract  the  certainty  is  not  so  great,  since  other 
diplococci  are  occasionally  found  in  gonorrhoeal  pus  from  this  area, 
and  very  rarely,  also,  from  the  urethra,  which  stain  as  gonococci; 
here  cultures  should  also  be  made.  Cover-glass  preparations  from 
subacute  or  chronic  cases  should  be  examined,  if  possible,  with  a 
microscope  provided  with  a  mechanical  stage,  and  films  should 
always  be  stained  by  both  Loeffler's  methylene-blue  solution  and  by 
Gram's  method,  and  the  examination  repeated  on  three  consecutive 
days.  Should  these  specimens  prove  negative,  to  exclude  any  pos- 
sible doubt  in  the  matter,  cultures  should  then  be  made,  if  a 
thoroughly  competent  bacteriolog^ist  is  available,  on  human  ascitic 
fluid  or  serum  agar,  poured  in  dishes ;  also,  if  with  negative  results, 
on  three  consecutive  days.  Heiman,  who  has  paid  much  attention 
to  gonococcus  examinations,  obtains  his  material  by  the  following 
method :  in  chronic  urethritis  he  allows  the  patient  to  void  his  urine 
either  immediately  into  two  sterilized  centrifugal  tubes  or  first  into 
two  sterile  bottles.  The  first  tube  will  contain  threads  of  the  an- 
terior urethra;  the  second  tube  will  be  likely  to  contain  secretion 
from  the  posterior  urethra  and  from  the  prostate  gland  if,  while 
urinating,  the  patient's  prostate  be  pressed  upon  with  the  finger. 
Tubes  containing  such  urine  are  placed  in  the  centrifuge  and 
whirled  for  throe  minutes  at  twelve  hundred  or  more  revolutions  per 
minute;  the  threads  are  thrown  down.  The  centrifuged  sediment 
will  be  found  to  contain  most  of  the  bacteria  present,  epithelial  cells, 
and,  at  times,  spermatozoa.     Normal  urine  on  being  centrifuged  at 
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this  velocity  will  be  found  at  times  to  show  a  slight  turbidity  at  the 
bottom  of  the  tube.  This  will  be  found,  on  microscopic  examina- 
tion, to  consist  of  epithelial  cells,  a  few  leukocytes,  and  some  bacteria. 

The  careful  examination  of  gonorrhoeal  threads  stained  by  Gram's 
method  is  a  very  tedious  affair,  as  in  every  instance  no  less  than 
three  cover-glass  preparations  should  be  looked  over  before  the  ab- 
sence of  the  gonocoocus  is  considered  probable.  It  would  require 
many  hours  upon  each  and  every  specimen,  especially  if  the  gono- 
cocci  are  present  in  very  small  number,  before  a  reliable  and  con- 
scientious opinion  could  be  rendered.  If,  after  all,  a  negative  opin- 
ion is  ventured,  we  still  are  under  the  necessity  of  proving  that 
because  the  threads  which  we  fished  out  for  the  cover-glass  examina- 
tion were  free  from  gonococci  the  remaining  ones  were  also.  For 
this  reason  the  culture  medium  is  more  sensitive  for  bacteria  than 
is  the  cover-glass,  for  we  are  able  to  plant  each  and  every  thread  of 
the  sediment  in  the  centrifugal  tube.  Results  on  culture  media  are 
only  reliable  when  obtained  by  thoroughly  trained  bacteriologists 
with  suitable  media  and  methods.  Fiirbringer,  in  his  work,  men- 
tions the  fact  that  in  certain  cases  the  absence  of  the  gonococcus  in 
many  examinations  of  cover-glass  preparations  is  not  a  positive 
proof  that  the  gonococcus  is  not  present  The  culture  methods,  of 
course,  presuppose  that  one  has  the  facilities  and  knowledge  to  carry 
them  out  successfully,  otherwise  the  microscopic  methods  are  to  be 
used  alone. 

When  the  examinations  are  negative  and  it  is  important  to  be 
certain,  either  massage  or  injections  of  a  solution  of  silver  nitrate 
may  be  employed.  The  latter  by  causing  a  temporary  irritation 
with  increase  of  secretion  will  almost  surely  cause  a  discharge  of 
gonococci  if  any  infection  was  present. 

In  acute  cases  where  the  pus  is  abundant  the  specimen  for  exami- 
nation may  be  collected,  when  the  patient  is  before  one,  by  passing 
a  sterilized  platinum-wire  loop  as  far  up  into  the  urethra  as  possible 
•and  withdrawing  some  of  the  secretion. 

Occurrence  in  Cultures  from  Chronic  Urethritis. — GoU  examined 
1046  cases  of  chronic  urethritis  varying  in  duration  between  four 
weeks  to  six  years  or  more,  finding  gonococci  in  178  cases,  the  re- 
mainder giving  negative  results.  Neisscr,  out  of  143  cases,  varying 
in  duration  between  ts^'o  months  and  eight  years,  found  gonococci 
in  80  cases. 

BACTERIA  RESEMBLING  GONOCOCCI 

Baumm  described  a  number  of  micrococci  which  resembled  gono- 
cocci in  form  and  staining.  These  assume  importance  largely  be- 
cause they  may  be  confused  with  the  gonococcus.  They  occur  on 
the  conjunctival  and  vaginal  mucous  membranes  and  cause  confusion. 
One  of  these  micro-organisms,  the  Micrococcus  catarrhalis  (see  p. 
395),  has  an  importance  of  its  own.  When  absolute  certainty  is 
demanded  cultural  tests  must  be  applied. 
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MALTA  FEVEB. 

The  MicrococciiB  Melitensis. — This  micro-oi^anism  was  first  dis- 
covered in  the  spleen  in  a  case  of  Malta  fever  by  Bruce  in  Malta  in 
1887.  The  disease  is  mostly  confined  to  the  shores  of  the  Mediter- 
ranean, but  cases  of  it  have  been  observed  in  Porto  Eioo,  China, 
Japan  and  the  Philippines.  The  disease  does  not  seem  to  be  directly 
transmitted  from  person  to  person. 

Clinical  Ssnnptoms. — Prodromal  symptoms  follow  an  incubation 
period  of  five  to  fourteen  days.  Headache,  sleeplessness,  loss  of 
appetite  or  vomiting  accompany  a  high  fever.  The  fever  lasts 
for  weeks  with  intermissions  and  remissions.  The  fever  periods  of 
one  to  three  weeks  may  occur  from  time  to  time  during  a  period  of 
many  months.  The  spleen  and  liver  are  enlarged.  Neuralgic  pains 
are  severe.  In  fatal  cases  appear  similar  to  severe  cases  of  typhoid 
fever. 

Antopsy. — The  spleen  is  large  and  very  soft.  The  liver  is  also 
large  and  congested.  Both  organs  show  parenchymatous  degenera- 
tion. 

Distribntion  of  Micrococci — These  are  abundant  in  the  blood  and 
all  organs. 

Morphology  and  Biology. — Very  small  rounded  or  slightly  oval 
organisms  about  0.30ft  in  their  greatest  diameter.  It  is  usually 
single  or  in  pairs.  In  old  cultures  involution  almost  bacillary  forms 
occur.     They  are  not  motile. 

Staining. — They  stain  readily  with  aniline  dyes  and  are  negative 
to  Gram. 

Cultivation. — At  37°  C.  they  grow  rather  feebly  on  nutrient  agar 
and  in  broth.  The  colonies  are  not  usually  visible  until  the  third 
day.  They  appear  as  small  round  disks,  slightly  raised,  with  a  yel- 
lowish tint  in  the  centre.  The  broth  is  slightly  clouded  after  four 
to  six  days.  The  culture  remains  alive  for  several  weeks  or  months. 
In  gelatin  the  growth  is  very  slow.     Grelatin  is  not  liquefied. 

Pathogenesis  in  Animals. — Monkeys  only  are  infected.  They 
pass  through  the  disease  much  like  man.  They  can  be  infected  by 
subcutaneous  or  mucous  inoculation.  In  Malta  it  has  been  found 
that  some  of  the  goats  pass  the  organisms  in  faeces  and  so  contami- 
nate their  milk.     This  is  believed  to  be  a  source  of  infection. 

Therapeutic  Results. — Injections  of  heated  cultures  have  been 
thought  to  give  good  results. 

Methods  of  Diagnosis. — The  diagnosis  of  Malta  fever  can  fre- 
quently only  be  made  with  the  help  of  bacteriological  examination. 
Malaise,  typhoid  fever  and  sepsis  are  the  three  diseases  most  apt  to  be 
confounded  with  it. 

Cultures  are  made  by  spreading  over  the  surface  of  a  number  of 
agar  plates  freshly  drawn  blood.  Frequently  no  organisms  develop. 
The  agglutination  test  is  then  required.  Many  bloods  of  persons 
suffering  from  other  infections  agglutinate  the  micrococcus  of  Malta 
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fever  in  low  dilutions  so  that  1 :  500  or  over  is  required  for  a  positive 
diagnosis. 

Animals  injected  with  the  coccus  produce  a  serum  agglutinating  in 
high  dilutions.  Under  suitable  precautions  this  can  be  used  to 
identify  suspected  cultures. 

Laboratory  Infection. — A  number  of  workers  have  infected  them- 
selves with  more  or  less  serious  results. 

SOFT  CHANCRE. 

This  bacillus  was  first  specifically  described  and  obtained  in  pure 
culture  by  Duorey  in  1889.  An  experimental  inoculation  is  fol- 
lowed in  one  to  two  days  by  a  small  pustule.  This  soon  ruptures  and 
a  small  round  depressed  ulcer  is  left  About  this  other  pustules  and 
ulcers  develop  which  tend  to  become  confluent  The  base  of  the  ulcer 
is  covered  with  a  gray  exudate  and  its  edges  are  undermined^  There 
is  no  induration  such  as  in  the  syphilitic  chancre.  The  secretion  is 
seropurulent  and  very  infectious. 

Morphology. — ^About  1.5/*  long  and  0.4/*  thick,  growing  often  in 
chains  and  in  cultures,  sometimes  twisted  together  in  dense 
masses. 

It  stains  best  with  carbol-fuchsin,  and  shows  polar  staining. 

Cultural  Characteristics. — The  following  method  of  cultivation 
has  given  the  best  results.  Two  parts  agar  are  liquefied  at  50°  C. 
and  mixed  with  one  part  human,  dog,  or  rabbit  blood.  The  blood 
from  the  cut  carotid  of  a  rabbit  may  be  allowed  to  run  directly  into 
the  agar  tube,  to  which  the  pus  from  the  ulcerated  bubo  is  then  added 
in  proper  proportion,  and  the  whole  placed  in  the  incubator  at  35° 
C.  The  pus  may  be  obtained  by  puncture  and  aspiration  from  the 
unbroken  ulcer,  or  if  the  ulcer  is  already  open  it  is  first  painted  with 
tincture  of  iodine  and  covered  with  collodion  or  sterile  gauze.  After 
twenty-four  to  forty-eight  hours,  some  pus  having  collected  under  the 
bandage,  inoculations  are  made  from  it.  The  bacillus  grows  well 
also  in  imcoagulated  rabbit-blood  serum  or  in  condensation  water  of 
blood  agar.  In  twenty-four  to  forty-eight  hours,  on  the  surface 
of  the  media,  well-developed,  shining,  grayish  colonies,  about  1  nma. 
in  diameter,  may  be  observed.  The  colonies  remain  separate,  but 
only  become  numerous  after  further  transplantation.  The  best  re- 
sults are  obtained  when  the  pus  is  taken  close  to  the  walls  of  the 
abscess.. 

Glass  smears  show  isolated  bacilli  or  short  parallel  chains  with 
distinct  polar  staining. 

After  the  eleventh  generation  of  the  culture,  and  from  all  old  cul- 
tures, on  inoculation  the  characteristic  soft  chancre  is  produced  in 
man.  Animals  in  general  cannot  be  infected;  but  positive  results 
have  been  obtained  with  monkeys  and  cats. 

The. organisms  are  especially  characteristic  in  the  water  of  con- 
densation from  blood  agar,  the  bacilli  being  thinner  and  shorter. 
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with  rounded  ends;  sometimes  long,  wavy  chains  are  found.  In 
rabbit-blood  serum  at  37°  C.  a  slight  clouding  of  the  medium  is 
produced  and  small  flakes  are  formed,  consisting  of  short  bacilli  or 
moderately  long,  curved  chains,  showing  polar  staining. 

The  bacillus  lives  several  weeks  on  blood  agar  at  37°  C,  but  it 
soon  dies  in  cultures  on  coagulated  serum.  All  other  ordinary  cul- 
ture media  so  far  tried  have  given  negative  results,  and  even  with  the 
media  described  development  is  difficult  and  often  fails  entirely. 

The  chancre  bacillus  possesses  but  little  resistance  to  deleterious 
outside  influences.  Hence,  the  various  antiseptic  bandages,  etc, 
used  in  treatment  of  the  affection  soon  bring  about  recovery  by  pre- 
venting the  spread  of  inoculation  chancre. 


CHAPTEE  XXX. 
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The  blue  and  green  coloration  which  is  occasionally  found  to  ac- 
company the  purulent  discharges  from  open  wounds  is  usually  due 
to  the  action  of  the  Bacillus  pyocyaneus.  According  to  recent  in- 
vestigations this  bacillus  appears  to  be  very  widely  distributed  and 
not  infrequently  the  cause  of  infection.  It  was  first  obtained  in 
pure  culture  and  its  significance  noted  by  Gessard. 

Morphology. — Slender  rods  from  0.3ft  to  1ft  broad  and  from  2ft 
to  6ft  long ;  frequently  united  in  pairs  or  in  chains  of  four  to  six  ele- 
ments; occasionally  growing  out  into  long  filaments  and  twisted 
spirals.  The  bacillus  is  actively  motile,  a  single  flagellum  being  at- 
tached to  one  end.  Does  not  form  spores.  Stains  with  the  ordi- 
nary aniline  colors;  does  not  stain 
with  Gram's  solution. 

Biology. — Aerobic,  liquefying, 
motile  bacillus.  Capable  also  of 
an  anaerobic  existence,  but  then 
produces  no  pigment  Grows 
readily  on  all  artificial  culture 
media  at  the  room  temperature, 
though  best  at  37°  C,  and  gives 
to  some  of  them  a  bright-green 
color  in  the  presence  of  oxygen. 
In  gelaiin-plate  cultures  the  col- 
onies are  rapidly  developed,  im- 
parting to  the  medium  a  fluores- 
cent green  color;  liquefaction  be- 
gins at  the  end  of  two  or  three 
days,  and  by  the  fifth  day  the 
gelatin  is  usually  all  liquefied.  The  deep  colonies,  before  lique- 
faction sets  in,  appear  as  round,  granular  masses  with  scal- 
loped margins,  having  a  yellowish-green  color;  the  surface  colon- 
ies have  a  darker  green  centre,  surrounded  by  a  delicate,  radiating 
zone.  In  stick  cultures  in  gelatin  liquefaction  occurs  at  first  near 
the  surface,  in  the  form  of  a  small  funnel,  and  gradually  extends 
downward;  later  the  liquefied  gelatin  is  separated  from  the  solid 
part  of  the  medium  by  a  horizontal  plane,  a  greenish-yellow  color 
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being  imparted  to  that  portion  which  is  in  contact  with  the  air.  On 
agar  a  wrinkled,  moist,  greenish-white  layer  is  developed,  while  the 
surrounding  medium  is  bright  green;  this  subsequently  becomes 
darker  in  color,  dianging  to  blue-green  or  almost  black.  In  bouillon 
the  green  color  is  produced,  and  the  growth  appears  as  a  delicate, 
flocculent  sediment.  MUk  is  coagulated  and  assumes  a  yellowish- 
green  color. 

Pigment.  —Two  pigments  are  produced  by  this  bacillus — one  of  a 
fluorescent  green  which  is  common  to  many  bacteria.  This  is  sol- 
uble in  water  but  not  in  chloroform.  The  other  (pyocyanin)  of  a 
blue  color  is  soluble  in  chloroform,  and  may  be  obtained  from  pure 
solution  in  long,  blue  needles.  This  pigment  distinguishes  the 
Bacillus  pyocyaneus  from  other  fluorescing  bacteria. 

Ferment. — Besides  the  ferment  causing  liquefaction  of  gelatin 
there  is  one  which  acts  on  albumin.  It  resists  heat  This  ferment 
called  pyocyanase  has  the  power  to  dissolve  bacteria,  and  it  has  been 
stated  to  have  some  protective  power  when  injected  into  animals.  It 
has  been  used  locally  in  diphtheria  in  a  number  of  cases.  We  do  not 
think  it  has  any  advantage  over  other  cleansing  preparations. 

Distribution. — This  bacillus  is  very  widely  distributed  in  nature; 
it  is  found  on  the  healthy  skin  of  man,  in  the  faeces  of  many  animals, 
in  water  contaminated  by  animal  or  human  material,  in  purulent 
discharges,  and  in  serous  wound  secretions. 

Pathogenesis. — Its  pathogenic  effects  on  animals  have  been  care- 
fully studied.  It  is  pathogenic  for  guinea-pigs  and  rabbits.  Sub- 
cutaneous or  intraperitoneal  injections  of  1  c.c.  or  more  of  a  bouillon 
culture  usTially  cause  the  death  of  the  animal  in  from  twenty-four 
to  thirty-six  hours.  Subcutaneous  inoculations  produce  an  exten- 
sive inflammatory  oedema  and  purulent  infiltration  of  the  tissues;  a 
serofibrinous  or  purulent  peritonitis  is  induced  by  the  introduction 
of  the  bacillus  into  the  peritoneal  cavity.  The  bacilli  multiply  in 
the  body,  and  may  be  found  in  the  serous  or  purulent  fluid  in  the 
subcutaneous  tissues  or  abdominal  cavity,  as  well  as  in  the  blood  and 
various  organs.  When  smaller  quantities  are  injected  subcutan- 
eously  the  animal  usually  recovers,  only  a  local  inflammatory  reac- 
tion being  set  up  (abscess),  and  it  is  subseqiiently  immune  against  a 
second  inoculation  with  doses  which  would  prove  fatal  to  an  unpro- 
tected animal.  It  is  interesting  to  note  that  Bouchard,  Charrin,  and 
Guignard  have  shown  that  in  rabbits  which  have  been  inoculated 
with  a  culture  of  the  bacillus  anthracis  a  fatal  result  may  be  pre- 
vent(»d  by  inoculating  the  same  animal  soon  after  with  a  pure  culture 
of  the  bacillus  pyocyaneTis.  Loew  and  Emmerich  have  shown  that 
the  enzymes  produced  in  the  pyocaneus  cultures  are  capable  of  de- 
stroying many  forms  of  bacteria  in  the  test-tube,  and  have  a  slight 
protecting  value  in  the  body.  The  pyocyaneus  bacillus  produces 
these  effects  not  only  through  ferments,  but  by  intracellular  toxins. 
Our  knowledge  of  the  pathogenic  importance  of  the  Bacillus  pyo- 
cyaneus in  human  diseases  has  been  much  increased  by  recent  inves- 
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tigations.  Its  presence  in  wounds  greatly  delays  the  process  of  re- 
pair, and  may  give  rise  to  a  general  depression  of  the  vital  powers 
from  the  absorption  of  its  toxic  products.  This  bacillus  has  been 
obtained  in  pure  culture  from  pus  derived  from  the  tympanic  cavity 
in  disease  of  the  middle  ear,  from  cases  of  ophthalmia,  and  broncho- 
pneumonia. Kruse  and  Pasquale  have  found  the  organism  in  three 
cases  of  idiopathic  abscess  of  the  liver,  in  two  of  them  in  immense 
numbers  and  in  pure  culture.  Ernst  and  Schiirmayer  report  the 
presence  of  the  bacillus  pyocaneus  in  serous  inflammation  of  the 
pericardial  sac  and  of  the  knee-joint.  Ehlers  gives  the  history  of  a 
disease  in  two  sisters  who  were  attacked  simultaneously  with  fever, 
albuminuria,  and  paralysis.  It  was  thought  that  they  would  prove 
to  be  typhoid  fever  or  meningitis,  but  on  the  twelfth  day  there  was 
an  eruption  of  blisters,  from  the  contents  of  which  the  bacillus  pyo- 
cyaneus  was  isolated.  Krambals  refers  to  seven  cases  in  which  a 
general  pyocyaneus  infection  occurred,  and  adds  an  eighth  from  his 
own  experience.  In  this  the  bacillus  pyocyaneus  was  obtained  post- 
mortem from  green  pus  in  the  pleural  cavity,  from  serum  in  the 
pericardial  sac,  and  from  the  spleen  in  pure  culture.  Schimmel- 
busch  states  that  a  physician  injected  0.5  cc.  of  sterilized  (by  heat) 
culture  into  his  forearm.  As  a  result  of  this  injection,  after  a  few 
hours  he  had  a  slight  chill,  followed  by  fever,  which  at  the  end  of 
twelve  hours  reached  38.8°  C. ;  an  erysipelatous-like  swelling  of  the 
forearm  occurred,  and  the  glands  in  the  axilla  were  swollen  and 
painful.  Wasserman  reports  an  epidemic  of  septic  infection  of  the 
newborn,  starting  in  the  umbilicus.  In  all  there  were  eleven  deaths. 
Lartigau  found  it  in  well-water,  and  in  great  abundance  in  the  in- 
testinal discharges  of  a  number  of  cases  made  ill  by  drinking  the 
water.  It  has  also  been  found  in  a  certain  number  of  cases  of  gastro- 
enteritis, where  no  special  cause  of  infection  could  be  noted. 

We  may,  tiierefore,  conclude  from  these  facta  that  the  bacillus  pyo- 
cyaneus, although  ordinarily  but  slightly  pathogenic  for  man,  may 
under  certain  conditions,  as  in  general  debility,  become  a  dangerous 
source  of  infection.  Children  would  seem  to  be  particularly  sus- 
ceptible. 

The  differential  diagnosis  of  the  pyocyaneus  from  other  fluorescing 
bacteria  is  easy  enough  as  long  as  it  retains  its  pigment-producing 
property.  When  an  agar  culture  is  agitated  with  chloroform  a  blue 
coloration  demonstrates  the  presence  of  this  bacillus.  When  the 
pyocyanin  is  no  longer  formed,  however,  the  diagnosis  is  by  no  means 
easy,  particularly  when  the  pathogenic  properties  are  also  gone. 

Ixnmimity. — Animal  infection  is  followed  by  the  production  of 
antitoxic  and  bactericidal  substances.  No  practical  use  has  been 
made  of  this  knowledge. 

BACILLUS  PROTEUS  VULGARIS. 

This  bacillus,  which  is  one  of  the  most  common  and  widely  dis- 
tributed putrefactive  bacteria,  was  discovered  by  Hauser   (1885) 


410  PATHOGENIC  MICBO-^BOANISMS. 

along  with  other  species  of  proteus  in  putrefying  substances.  These 
bacteria  were  formerly  included  under  the  name  ^^  Bacterium  iermo" 
by  previous  observers,  who  applied  this  name  to  any  minute  motile 
bacilli  found  in  putrefying  infusions. 

Morphology. — Bacilli  varying  greatly  in  size;  most  commonly 
occurring  O.6/1  broad  and  1.2/*  long,  but  shorter  and  longer  forms 
may  also  be  seen,  even  growing  out  into  flexible  filaments  which  are 
sometimes  more  or  less  wavy  or  twisted  like  braids  of  hair. 

The  bacillus  does  not  form  spores,  and  stains  readily  with  fuchsin 
or  gentian  violet. 

Biology. — ^An  aerobic,  facultative  anaerobic,  liquefying,  motile 
bacillus.  Grows  rapidly  in  the  usual  culture  media  at  the  room 
temperature. 

Growth  on  Gelatin. — The  growth  upon  gelatin  plates  containing  5 
per  cent  of  gelatin  is  very  characteristic.  At  the  end  of  ten  or 
twelve  hours  at  room  temperature  small,  round  depressions  in  the 
gelatin  are  observed,  which  contain  liquefied  gelatin  and  a  whitish 
mass  consisting  of  bacilli  in  the  centre.  Under  a  low-power  lens 
these  depressions  are  seen  to  be  surrounded  by  a  radiating  zone  com- 
posed of  two  or  more  layers,  outside  of  which  is  a  zone  of  a  single 
layer,  from  whidi  amoeba-like  processes  extend  upon  the  surface  of 
the  gelatin.  These  processes  are  constantly  undergoing  changes  in 
their  form  and  position.  The  young  colonies  deep  down  in  the  gela- 
tin are  somewhat  more  compact,  and  roimded  or  humpbacked ;  later 
they  are  covered  with  soft  down ;  then  they  form  irregular,  radiating 
masses,  and  simulate  the  sTiperficial  colonies.  But  it  is  difficult  to 
describe  all  the  forms  which  the  proteus  vulgaris  takes  on  in  all  the 
stages  of  its  growth  on  gelatin  plates.  When  the  consistency  of  the 
medium  is  more  solid,  as  in  10  per  cent  gelatin  the  liquefaction  and 
migration  of  surface  colonies  are  more  or  less  retarded.  In  gelatin- 
stick  cultures  the  growth  is  less  characteristic-^liquefaction  takes 
place  rapidly  along  the  line  of  puncture,  and  soon  the  entire  contents 
of  the  tube  are  liquefied. 

Upon  nvirient  agar  a  rapidly  spreading,  moist,  thin,  grayish-white 
layer  appears,  and  migration  of  the  colonies  also  occurs.  Milk  is 
coagulated,  with  the  production  of  acid. 

Cultures  in  media  containing  albumin  or  gelatin  have  a  disagree- 
able, putrefactive  odor,  and  become  alkaline  in  reaction.  Growth 
is  most  luxuriant  at  a  temperature  of  24°  C,  but  is  plentiful  also  at 
37°  C.  It  is  a  facultative  anaerobe  and  grows  also  in  the  absence  of 
oxygen,  but  the  proteus  then  loses  its  power  of  liquefying  gelatin. 
It  produces  indol  and  phenol  from  peptone  solutions.  The  proteus 
develops  fairly  well  in  urine,  and  decomposes  urea  into  carbonate  of 
ammonia. 

Pathogenesis. — This  bacillus  is  pathogenic  for  rabbits  and  guinea- 
pigs  when  injected  in  large  quantities  into  the  circulation,  the  ab- 
dominal cavity,  or  subcutaneously,  producing  death  of  the  animals 
with  symptoms  of  poisoning.     Hauser  has  obtained  the  Bacillus 
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proteus  vulgaris  from  a  case  of  purulent  peritonitis,  from  purulent 
puerperal  endometritis,  and  from  a  phlegmonous  inflammation  of 
the  hand.  Brunner  also  reports  similar  infections  in  which  this 
organism  was  found  associated  with  pus  cocci,  and  Charrin  describes 
a  case  of  pleuritis  during  pregnancy,  in  which  the  proteus  was 
present  and  a  foul-smelling  secretion  was  produced.  Death  in  this 
case,  which  ensued  without  further  complication,  is  said  to  have  been 
due  probably  to  the  poisonous  products  of  the  proteus. 

An  interesting  example  of  pure  toxcemia  resulting  from  the  toxin 
of  the  proteus  is  reported  by  Levy:  While  conducting  some  experi- 
ments on  this  organism  he  had  an  opportunity  of  making  a  bacterio- 
logical examination  in  the  case  of  a  man  who  died  after  a  short  attack 
of  cholera*  morbus.  From  the  vomited  material  and  the  stools  he 
obtained  a  pure  culture  of  the  proteus;  but  the  blood,  collected  at 
the  autopsy,  was  sterile.  In  the  meantime  seventeen  other  persons 
who  had  eaten  at  the  same  restaurant  were  taken  sick  in  the  same 
way.  Upon  examination  at  the  restaurant  it  was  found  that  the 
bottom  of  the  ice-chest  in  which  the  meat  was  kept  was  covered  witli 
a  slimy,  brown  layer,  which  gave  off  a  disagreeable  odor.  Cultures 
from  this  gave  the  proteus  as  the  principal  organism  present.  In- 
jections into  animals  of  the  pure  cultures  produced  similar  symp- 
toms as  occurred  in  the  human  subjects. 

Levy  concludes  that  in  so-called  "  flesh  poisoning "  bacteria  of 
this  group  are  chiefly  concerned,  and  the  pathogenic  effects  are  due 
to  toxic  products  evolved  during  their  development. 

Booker,  from  his  extended  researches  into  this  subject,  concludes 
that  the  proteus  plays  an  important  part  in  the  production  of  the 
morbid  symptoms  which  characterize  cholera  infantum.  Proteus 
vulgaris  was  found  in  the  alvine  discharge  in  a  large  proportion  of 
the  cases  examined  by  him,  but  was  not  found  in  the  faeces  of  healthy 
infants.  "  The  prominent  symptoms  in  the  cases  of  cholera  infantum 
in  which  the  proteus  bacteria  were  found  were  drowsiness,  stupor, 
and  great  reduction  in  flesh,  more  or  less  collapse,  frequent  vomiting 
and  purging,  with  watery  and  generally  offensive  stools." 

Next  to  the  Bacillus  coli  communis  the  Proteus  vulgaris  appears 
to  be  the  micro-organism  most  frequently  concerned  in  the  etiology 
of  pyelonephritis.  In  cases  of  cystitis  and  of  pyelonephritis  this 
bacillus  is  often  found  in  pure  cultures  or  associated  with  other 
bacteria.  It  probably  gets  into  the  bladder  chiefly  through  catheteri- 
zation. From  the  animal  experiments  of  the  authors  above  men- 
tioned, simple  injection  of  pure  cultures  of  proteus  into  the  bladder, 
without  artificial  suppression  of  urine,  invariably  produces  severe 
cystitis.  The  fact  that  this  organism  grows  in  urine  is  sufficient  to 
acooimt  for  the  extension  of  the  purulent  process  finally  to  the 
kidneys. 

The  Proteus  vulgaris  is,  however,  a  harmless  parasite  when  located 
in  the  mucous  membrane  of  the  nasal  cavities.  Here  it  only  decom- 
poses the  secretions,  with  the  production  of  a  putrefactive  odor.    On 
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the  whole,  considering  the  very  wide  distribution  of  this  organism  in 
nature,  it  is  remarkable  how  few  diseases  are  produced  by  it. 

THE  GROUP  OF  MALIGNANT  (EDEMA  BACILLI. 

This  group  is  widely  distributed,  being  found  in  the  superficial 
layers  of  the  soil,  in  putrefying  substances,  in  foul  water,  and  by 
invasion  from  the  intestine,  in  the  blood  of  animals  which  have  been 
suffocated.  One  such  organism  was  discovered  (1877)  by  Pasteur 
in  animals  after  injections  of  putrefying  liquids,  and  named  by  him 
"  vibrion  septique."  He  recognized  its  anaerobic  nature,  but  did  not 
obtain  it  in  pure  culture.  Koch  and  Qaffky  (1881)  carefully  studied 
this  micro-organism,  described  it  in  detail,  and  gave  it  ihe  name 
''Bacillus  cddematis  maligni''  (Fig.  123). 

In  earlier  times  infection  of  man  was  quite  often,  now  only  occa- 
sionally, produced.    This  bacillus  belongs  to  a  group  which,  have  lat- 
eral flagellse,  produce  oval  spores,  and  grow  only 
^'^-  ^^^  anaerobically. 

•  Morphology. — The  oedema  bacillus  is  a  rod 

\  of  from  0.8ft  to  1/t  in  width,  and  of  very  vary- 

^  O  ing  length,  from  2/*  to  10/*  or  more,  according 

I         i  ^        to  the  conditions  of  its  cultivation  and  growth. 
\       w  It  is  usually  found  in  pairs,  joined  end  to  end, 

but  may  occur  in  chains  or  long  filaments.  It 
^^*'*"'"(BdLir"*°''°*  forms  spores,  and  these  are  situated  in  or  near 
the  middle  of  the  body  of  lie  rods.  Exception- 
ally the  spores  are  near  the  ends.  The  spores  vary  in  length  and  are 
oval  in  form,  being  often  of  greater  diameter  tiian  the  bacilli,  to 
which  they  give  a  more  or  less  oval  or  spindle  shapa 

The  bacilli  stain  readily  by  the  usual  aniline  colors  employed,  but 
are  usually  decolorized  by  Gram's  method.  Freytag  found  that  very 
young  cultures  were  stained  while  older  ones  were  decolorized. 

Biology. — A  strictly  anaerobic,  liquefying,  motile  bacillus.  Forms 
spores  which  are  very  resistant  It  grows  in  all  the  usual  culture 
media  in  the  absence  of  oxygen.  Development  takes  place  at  20® 
C,  but  more  rapidly  and  abundantly  at  37°  C. 

Growth  in  Gelatin. — This  bacillus  may  be  cultivated  in  ordinary 
nutrient  gelatin,  but  the  growth  is  more  abundant  in  glucose  gelatin 
containing  1  or  2  per  cent,  of  glucose.  After  two  to  three  days 
small,  almost  transparent,  circular  colonies  appear  %  to  1  mm.  in 
diameter.  Later,  as  liquefaction  increases,  the  colonies  become  gray- 
ish and  then  confluent.  Gas  bubbles  are  formed  and  the  gelatin 
liquefies. 

Growth  on  Agar. — On  agar  plates  the  colonies  appear  as  dull, 
whitish  points,  irregular  in  outline,  and  when  examined  under  a  low- 
power  lens  are  seen  to  be  composed  of  a  dense  network  of  interlacing 
threads,  radiating  irregularly  from  the  centre  toward  the  periphery. 

Blood  serum  is  rapidly  liquefied,  with  the  production  of  gas.  Cul- 
tures of  the  malignant  oedema  bacillus  give  off  gas  from  all  cultures 
with  a  peculiar,  disagreeable  odor. 
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Besistance. — The  spores  are  very  resistant  and  because  of  this  the 
soil  remains  infected. 

Pathogenesis. — The  bacillus  of  malignant  oedema  is  especially 
pathogenic  for  mice,  guinea-pigs,  and  rabbits,  although  man,  horses, 
dogs,  goats,  sheep,  calves,  pigs,  chickens,  and  pigeons  are  also  sus- 
ceptible. A  small  quantity  of  a  pure  culture  injected  beneath  the 
skin  of  a  susceptible  animal  gives  rise  to  an  extensive  hemorrhagic 
oedema  of  the  subcutaneous  connective  tissue,  which  extends  over  the 
entire  surface  of  the  abdomen  and  thorax,  causing  hypersemia  and 
redness  of  the  superficial  muscles.  No  odor  is  developed,  and  there 
is  little,  if  any,  production  of  gas.  In  infection  with  garden  earth, 
owing  to  the  presence  of  associated  bacilli,  the  effused  serum  is  frothy 
from  the  development  of  gas,  and  possesses  a  putrefactive  odor. 
The  disease,  in  natural  infection  caused  by  the  contamination  of 
wounds  with  earth  or  fseces,  runs  the  course  above  described.  Simple 
abrasion  of  the  skin  is  not  sufficient  to  produce  infection;  owing  to 
the  bacillus  being  capable  only  of  an  anaerobic  existence,  the  poison 
must  penetrate  deep  into  the  tissues.  Malignant  oedema  is  confined 
mostly  to  the  domestic  animals,  but  cases  have  also  been  reported  in 
man. 

Animals  which  recover  from  malignant  oedema  are  subsequently 
immune.  Artificial  immunity  may  be  induced  in  guinea-pigs  by 
injecting  filtered  cultures  of  the  malignant  oedema  bacillus  in  harm- 
less quantities. 

In  man  the  chief  symptom  is  the  sudden  appearance  of  subcutane- 
ous oedematous  swelling  accompanied  by  high  fever.  In  light  cases 
this  remains  circumscribed ;  in  severe  cases  it  spreads  widely  and  the 
case  ends  fatally.  Appreciable  quantities  of  gas  usually  fail.  Au- 
topsy shows  a  serous  or  hemorrhagic  infiltration  of  the  subcutaneous 
tissues  and  intramuscular  connective  tissue.  In  the  inflamed  tissue 
the  bacilli  with  and  without  spores  are  found. 

Prevention. — ^Most  cases  are  produced  by  injecting  subcutaneously 
albuminous  fluids  infected  by  the  bacilli.  Care  should  be  taken 
that  fluids  to  be  injected  do  not  become  infected  by  dust  or  dirt. 

BACILLUS    AEROGENES    CAPSXJLATUS. 

This  bacillus  was  found  by  Welch  in  the  bloodvessels  of  a  patient 
suffering  with  aortic  aneurysm ;  on  autopsy,  made  in  cool  weather, 
eight  hours  after  death,  the  vessels  were  observed  to  be  full  of  gas 
bubbles.  Since  then  it  has  been  found  in  a  number  of  cases  in  which 
gas  has  developed  from  within  sixty  hours  of  death  until  some  hours 
after  death.  External  cutting  operations  on  the  urethra  and  opera- 
tions upon  the  uterus  have  been  followed  in  a  number  of  cases  by 
infection.  These  cases  are,  as  a  rule,  marked  by  delirium,  rapid 
pulse,  high  temperature,  and  the  development  of  emphysema  and 
discoloration  of  the  diseased  area,  or  of  marked  abdominal  distention 
when  the  peritoneal  cavity  is  involved.     This  bacillus  is  present  as 
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a  rule  in  the  intestinal  canal  of  man  and  animals  and  is  apt  to  be 
found  in  the  dust  of  hospitals  and  elsewhere. 

Morphology. — Straight  or  slightly  curved  rods,  with  rounded  or 
sometimes  square-cut  ends;  somewhat  thicker  than  the  anthrax  ba- 
cilli and  varying  in  length ;  occasionally  long  threads  and  chains  are 
seen.  The  bacilli  in  the  animal  body,  and  sometimes  in  cultures, 
are  enclosed  in  a  transparent  capsule.  Spores  are  usually  absent  in 
the  tissues  and  often  in  cultures.  Dunham  showed  that  the  culture 
isolated  by  Welch  formed  spores  when  grown  on  blood  serum.  Some 
strains  since  isolated  make  spores  readily.  It  is  possible  that  these 
differences  may  be  due  to  the  fact  of  there  being  several  strains. 

Biology. — ^An  anaerobic,  non-motile,  non-liquefying  bacillus.  Dif- 
ferent strains  of  this  bacillus  vary  in  their  tendency  to  make  spores. 
It  is  stained  by  Gram,  but  is  more  easily  decolorized  than  many 
bacteria.  Growth  is  rapid  at  37°  C,  in  the  usual  culture  media 
in  the  absence  of  oxygen,  and  is  accompanied  by  the  production  of 
gas.  Nutrient  gelatin  is  not  liquefied  by  the  growth  of  this  bacillus, 
but  it  is  gradually  peptonized.  In  agar  colonies  are  developed  which 
are  from  1  to  2  mm.  or  more  in  diameter,  grayish-white  in  color, 
and  in  the  form  of  flattened  spheres,  ovals,  or  irregular  masses,  beset 
with  hair-like  projections.  Bouillon  is  diffusely  clouded,  and  a 
white  sediment  is  formed.  Milk  becomes  acidified  and  coagulated, 
then  partially  digested,  giving  a  worm-eaten  appearance  to  the  clot. 

Pathogenesis. — Usually  non-pathogenic  in  healthy  animals,  al- 
though Dunham  found  that  the  bacillus  taken  freshly  from  human 
infection  is  sometimes  very  virulent  When  quantities  up  to  2.5  cc. 
of  fresh  bouillon  cultures  are  injected  into  the  circulation  of  rabbits 
and  the  animals  killed  shortly  after  the  injection,  the  bacilli  develop 
rapidly,  with  an  abundant  formation  of  gas  in  the  bloodvessels  and 
organs,  especially  the  liver.  This  procedure  is  one  of  the  best 
methods  of  obtaining  the  bacilli :  The  material  suspected  to  contain 
the  bacillus  alone  or  associated  with  other  bacteria  is  injected  intra- 
venously into  rabbits,  which  are  killed  five  minutes  later  and  kept 
at  37°  C.  for  sixteen  hours,  and  cultures  made  from  the  liver  and 
heart's  blood. 

It  is  suggested  by  Welch  that  in  some  of  the  cases  in  which  death 
has  been  attributed  to  the  entrance  of  air  into  the  veins  the  gas  found 
at  the  autopsy  may  not  have  been  atmospheric  air,  but  may  have 
been  produced  by  this  or  some  similar  micro-organism  entering  the 
circulation  and  developing  shortly  before  and  after  death.  The  same 
may  be  true  for  gas  in  the  uterine  cavity. 


CHAPTER  XXXI. 

THE  ANTHRAX  BACILLUS  AND  THE  BACILLUS  OF 
SYMPTOMATIC  ANTHRAX. 

BAOnJiUS  ANTHRAOIS. 

Anthrax  is  an  acute  infectious  disease  which  is  very  prevalent 
among  animals,  particularly  sheep  and  cattle.  Geographically  and 
zoologically  it  is  the  most  widespread  of  all  infectious  disorders.  It 
is  much  more  common  in  Europe  and  in  Asia  than  in  America.  The 
ravages  among  herds  of  cattle  in  Russia  and  Siberia,  and  among 
sheep  in  certain  parts  of  France,  Hungary,  Germany,  Persia,  and 
India  are  not  equalled  by  any  other  animal  plague.  Local  epidemics 
have  occasionally  occurred  in  England,  where  it  is  known  as  splenic 
fever.  In  this  country  the  disease  is  rare.  In  infected  districts 
the  greatest  losses  are  incurred  during  the  hot  months  of  summer. 

The  disease  also  occurs  in  man  as  the  result  of  infection,  either 
through  the  skin,  the  intestines,  or  in  rare  instances  through  the 
lungs.  It  is  found  in  persons  whose  occupations  bring  them  into 
contact  with  animals  or  animal  products,  as  stablemen,  shejAerds, 
tanners,  butchers,  and  those  who  work  in  wool  and  hair.  Two  forms 
of  the  disease  have  been  described — the  external  anthrax,  or  malig- 
nant pustules,  and  the  internal  anthrax,  of  which  there  are  intestinal 
and  pulmonary  forms,  the  latter  being  known  as  "  wool-sorters' 
disease." 

Owing  to  the  fact  that  anthrax  was  the  first  infectious  disease 
which  was  shown  to  be  caused  by  a  specific  micro-organism,  and  to 
the  close  study  which  it  received  in  consequence,  this  disease  has 
probably  contributed  more  to  our  general  knowledge  of  bacteriology 
than  any  other  infectious  malady. 

Pollender  in  1849  observed  that  the  blood  of  animals  suffering 
from  splenic  fever  always  contained  minute  rod-shaped  bacteria. 
Davaine  in  1863  announced  to  the  French  Academy  of  Sciences  the 
results  of  his  inoculation  experiments,  and  asserted  the  etiological 
relations  of  the  micro-organism  to  the  disease,  with  which  his  investi- 
gation showed  it  to  be  constantly  associated.  For  a  long  time  this 
conclusion  was  energetically  opposed  until,  in  1879,  Pasteur,  Kooh, 
and  others  established  its  truth  by  obtaining  the  bacillus  in  pure 
cultures,  and  showing  that  the  inoculation  of  these  cultures  produced 
anthrax  in  susceptible  animals  as  certainly  as  did  the  blood  of  an 
animal  recently  dead  from  the  disease. 

Morphology. — Slender,  cylindrical,  non-motile  rods,  having  a 
breadth  of  l/i  to  1.25/*,  and  ranging  from  2ft  or  3ft  to  20fi  or  25ft  in 
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length.  Sometimes  short,  isolated  rods  are  seen,  and,  again,  shorter 
or  longer  chains  or  threads  made  up  of  several  rods  joined  end  to  end. 
In  suitable  culture  media  very  long,  flexible  filaments  may  be  ob- 
served, which  are  frequently  united  in  twisted  or  plaited  oordlike 
bundles.  (See  Fig.  124  and  Fig.  7,  p.  12,  and  Fig.  55,  p.  68.) 
These  filaments  in  hanging-drop  cultures,  before  the  development 
of  spores,  appear  to  be  homogeneous  or  nearly  so;  but  in  stained 
preparations  ihej  are  seen  to  be  composed  of  a  series  of  rectangular, 
deeply  stained  segments.  When  obtained  directly  from  the  blood 
of  an  infected  animal  the  free  ends  of  the  rods  are  slightly  rounded, 
but  those  coming  in  contact  with  one  another  are  quite  square.  In 
cultTires  the  ends  are  seen  to  be  a  trifle  tliicker  than  the  body  of  the 
cell  and  somewhat  concave,  giving  the  appearance  of  joints  of  bam- 
boo. At  one  time  much  stress  was  laid  upon  these  peculiarities  as 
distinguishing  marks  of  the  anthrax  bacillus ;  but  it  has  been  found 

that  they  are  the  effects  of  arti- 
^^^'  124  flcial  cultivation  and  not  neces- 

sarily characteristic  of  the  or- 
ganism under  all  conditions. 
Another  peculiarity  of  this  ba- 
cillus is  that  it  is  enclosed  in  a 
transparent  envelope  or  capsule, 
which  in  stained  preparations 
(from  albiuninous  material) 
may  be  distinguished  by  its 
taking  on  a  lighter  stain  than 
the  deeply  stained  rods  whicli 
it  surrounds. 

Under  favorable  conditions  in 
cultures  spores  are  developed  in 
the  bacilli.  These  spores  are 
elliptical  in  shape  and  about 
one  and  a  half  times  longer  than 
broad.  They  first  appear  as 
small,  refractive  granules  distributed  at  regular  intervals^  one  in  each 
rod.  As  the  spore  develops  the  mother-cell  becomes  less  and  less  dis- 
tinct, until  it  disappears  altogether,  the  complete  oval  spore  being  set 
free  by  its  dissolution.  (See  Fig.  125,  Fig.  7,  p.  12,  and  Fig.  55, 
p.  68).  Irregular  sporulation  sometimes  takes  place,  and  occasion- 
ally there  is  no  spore  formation,  as  in  varieties  of  non-spore-bearing 
anthrax. 

Staining. — The  anthrax  bacillus  stains  readily  with  all  the  aniline 
colors,  and  also  by  Gram's  method,  when  not  left  too  long  in  the 
decolorizing  solution.  In  sections  good  results  may  be  obtained  by 
tlie  employment  of  Gram's  solution  in  combination  with  carmine, 
but  when  only  a  few  bacilli  are  present  this  method  is  not  always 
reliable,  as  some  of  the  bacilli  are  generally  decolorized. 

Biology. — The  anthrax  bacillus  grows  easily  in  a  variety  of  nu- 


Anthrax  bacillus,     x  000  diameters.     Agar 
culture. 
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trient  media  at  a  temperature  from  18°  to  43°  C,  37°  C.  being  the 
most  favorable  temperature.  Under  12°  C.  no  development  takes 
place,  as  a  rule,  though  by  gradually  accustoming  the  bacillus  to  a 
lower  temperature  it  may  be  induced  to  grow  under  these  conditions. 
Under  14°  C.  and  above  43°  C.  spore  formation  ceases.  The  lower 
limit  of  growth  and  of  sporulation  is  of  practical  significance  in  de- 
termining the  question  whether  development  can  occur  in  the  bodies 
of  animds  dead  from  anthrax  when  buried  at  certain  depths  in  the 
earth.  Kitasato  has  shown  that 
at  a  depth  of  1.5  metres  the  earth 
in  July  has  a  temperature  of  15° 
C.  at  most,  and  that  under  these 
conditions  a  scanty  sporulation 
of  anthrax  bacilli  is  possible,  but 
that  at  a  depth  of  2  metres  sporu- 
lation no  longer  occurs.  The 
anthrax  bacillus  is  aerobie— that 
is,  its  growth  is  considerably  en- 
hanced by  the  presence  of  oxygen 
— but  it  grows  also  under  anaero- 
bic conditions,  as  is  shown  by  its 
growth  at  the  bottom  of  the  line 
of  puncture  in  stick  cultures  in 
solid  media;  but  under  these 
conditions  it  no  longer  produces 
the  peptonizing  ferment  which  it 
does  with  free  access  of  air. 
Furthermore,  the  presence  of  oxygen  is  absolutely  necessary  for  the 
formation  of  spores,  while  carbonic  acid  gas  retards  sporulation.  This 
explains,  perhaps,  why  sporulation  does  not  take  place  within  the 
animal  body  either  before  or  after  death. 

It  is  also  capable  of  leading  a  saprophytic  existence.  The  ba- 
cillus is  non-motile. 

Growth  in  Gelatin. — In  gelatin-plate  cultures,  at  the  end  of  twenty- 
four  to  thirty-six  hours  at  24°  C.,  small,  white,  opaque  colonies  are 
developed,  which,  under  a  low-power  lens,  are  seen  to  be  dark  gray 
in  the  centre  and  surrounded  by  a  greenish,  irregular  border,  made 
up  of  wavy  filaments.  As  the  colony  develops  on  the  surface  of  the 
gelatin  these  wavy  filaments  spread  out,  until  finally  the  entire  colony 
consists  of  a  light-gray,  tangled  mass,  which  has  been  likened  to  a 
Medusa  head  (Fig.  126). 

At  the  same  time  the  gelatin  begins  to  liquefy,  and  the  colony  is 
soon  surrounded  by  the  liquefied  medium,  upon  the  surface  of  which 
it  floats  as  an  irregular,  white  pellicle.  In  gelatin-stick  cultures  at 
first  development  occurs  along  the  line  of  puncture  as  a  delicate 
white  thread,  from  which  irregular,  hair-like  projections  soon  ex- 
tend perpendicularly  into  the  culture  medium,  the  growth  being 
most  luxuriant  near  the  surface,  but  continuing  also  below.  At  the 
28 


Spores  heavily  stained  (in  specimen 
red).  Bodies  of  disintegrating  bacilli 
faintly  stained  (in  specimen  blue),  x  1000 
diameters. 
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end  of  two  or  three  days  liquefaction  of  the  medium  commences  at 
the  surface  and  gradually  progresses  downward. 


Pig.  126 


ColonieB  of  bacllluB  anthracis  upon  gelatin  plates :  o,  at  the  end  of  twenty-four  hours ; 
b,  at  the  end  of  forty-eight  hours,     x  80.      (F.   FlUgge.) 

Growth  on  Agar. — The  growth  on  agar-plate  cultures  in  the  incu- 
bator at  37°  C.  is  similar  to  that  on  gelatin,  and  is  still  more  char- 
acteristic and  beautiful  in  appearance.  A  grayish-white  layer  is 
formed  on  the  surface  within  twenty-four  hours,  which  spreads 
rapidly  and  is  seen  to  be  made  up  of  interlaced  threads. 

Chrowth  in  Bouillon. — The  growth  is  characterized  by  the  formation 
of  flaky  masses,  which  sink  as  a  sediment  to  the  bottom  of  the  tube, 
leaving  the  supernatant  liquid  clear. 

Spore  formation,  as  already  noted,  only  takes  place  in  the  pres- 
ence of  oxygen,  and  at  a  temperature  of  15°  to  43°  C.  There  is  no 
development  of  spores  at  a  greater  depth  than  1.5  metres  in  the  earth, 
or  in  tlie  bodies  of  living  or  dead  animals ;  but  spores  may  be  found 
in  the  fluids  containing  the  bacilli  when  these  come  in  contact  with 
the  air,  as  in  bloody  discharges  from  the  nostrils  or  from  the  bowels 
of  the  dead  animal. 

There  are  certain  non-spore-bearing  species  of  anthrax.  Spare- 
less  varieties  have  also  been  produced  artificially  by  cultivating  the 
typical  anthrax  bacillus  under  favorable  conditions,  among  which 
may  be  mentioned  the  addition  of  antiseptics,  as  carbolic  acid.  Va- 
rieties differing  in  their  pathogenic  power  may  also  be  produced 
artificially.  Pasteur  produced  an  "  attenuated  virus  "  by  keeping 
his  cultures  for  a  considerable  time  before  replanting  them  upon 
fresh  soil. 

Anthrax  cultures  containing  spores  retain  their  vitality  for  years; 
in  tlie  absence  of  spores  the  vitality  is  much  more  rapidly  lost.  When 
grown  in  liquids  rich  in  albumin  the  bacilli  attain  a  considerable 
degree  of  resistance ;  tlius  dried  anthrax  blood  has  been  found  to  re- 
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tain  its  virulence  for  sixty  days,  while  dried  bouillon  cultures  only 
did  so  for  twenty-one  days.  Dried  anthrax  spores  may  be  preserved 
for  many  years  without  losing  their  vitality  or  virulence.  They  also 
resist  a  comparatively  high  temperature.  Exposed  in  dry  air  they 
require  a  temperature  of  140°  C.  maintained  for  three  hours  to 
destroy  them;  but  suspended  in  a  liquid  they  are  destroyed  in  four 
minutes  by  a  temperature  of  100°  C. 

Pathogenesis. — The  anthrax  bacillus  is  pathogenic  for  cattle, 
sheep  (except  the  Algerian  race),  horses,  swine,  mice,  guinea-pigs, 
and  rabbits.  Eats,  cats,  dogs,  chickens,  owls,  pigeons,  and  frogs  are 
but  little  susceptible  to  infection.  Small  birds — the  sparrow  par- 
ticularly— are  somewhat  susceptible.  Man,  though  subject  to  local 
infection  and  occasionally  to  internal  forms  of  the  disease,  is  not  as 
susceptible  as  some  of  the  lower  animals. 

In  susceptible  animals  the  anthrax  bacillus  produces  a  true  septi- 
caemia. Among  test  animals  mice  are  the  most  susceptible,  succumb- 
ing to  very  minute  injections  of  a  slightly  virulent  virus;  next 
guinea-pigs,  and  lastly  rabbits,  both  of  these  animals  dying  after 
inoculation  with  virulent  bacilli.  Infection  is  most  promptly  pro- 
duced by  introduction  of  the  bacilli  into  the  circulation  or  the  tisvsues, 
but  inoculation  by  contact  with  wounds  on  the  skin  also  causes  in- 
fection. It  is  difficult  to  produce  infection  by  the  ingestion  even  of 
spores;  but  it  may  readily  be  caused  by  inhalation,  particularly  of 
spores. 

Subcutaneous  injections  of  these  susceptible  animals  results  in 
death  in  from  one  to  three  days.  Comparatively  little  local  reaction 
occurs  immediately  at  the  point  of  inoculation,  but  beyond  tliis  there 
is  an  extensive  oedema  of  the  tissues.  Very  few  bacilli  are  found  in 
the  blood  in  the  larger  vessels,  but  in  the  internal  organs,  and  es- 
pecially in  the  capillaries  of  the  liver,  the  kidneys,  and  the  lungs, 
they  are  present  in  great  numbers.  In  some  places,  as  in  the 
glomeruli  of  the  kidneys,  the  capillaries  will  be  seen  to  be  stuffed 
full  of  bacilli,  and  hemorrhages,  probably  due  to  rupture  of  capil- 
laries by  the  mechanical  pressure  of  the  bacilli  whidi  are  develop- 
ing within  them,  may  occur.  The  pathological  lesions  in  animals 
infected  by  anthrax  are  not  marked  except  in  the  spleen,  which,  as 
in  other  forms  of  septicaemia,  is  greatly  enlarged. 

Occurrence  in  Cattle  and  Sheep. — Cattle  and  sheep  are  affected 
chiefly  with  the  intestinal  form  of  anthrax,  infection  in  these  ani- 
mals commonly  resulting  from  the  ingestion  of  food  containing 
spores.  The  bacillus  itself,  in  the  absence  of  spores,  is  quickly  de- 
stroyed by  the  gastric  juice.  The  disease  usually  takes  a  rapid 
course,  and  the  mortality  is  high — 70  to  80  per  cent.  The  patho- 
logical lesions  consist  of  numerous  ecchymoses,  enlargement  of  the 
lymphatic  glands,  serous,  fatty,  and  hemorrhagic  infiltration  of  the 
mediastinum  and  mesentery,  of  the  mucous  membranes  of  the  pharynx 
and  larynx,  and  particularly  of  the  duodenum,  great  enlargement 
of  the  spleen,  and  parenchymatous  changes  in  the  lymphatic  organs. 
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The  blood  is  very  dark  and  tar-like.     Bacilli  are  present  in  enormous 
masses. 

Sheep  are  also  subject  to  external  anthrax,  infection  taking  place 
by  way  of  the  skin ;  cattle  are  seldom  infected  in  this  way.  At  the 
point  of  inoculation  there  develops  a  hard,  circumscribed  Boil — the 
so-called  anthrax  carbuncle;  or  there  may  be  diffuse  oedema,  with 
great  swelling  of  the  parts.  When  death  occurs  the  appearances  are 
similar  to  those  in  intestinal  anthrax,  except  that  the  duodenum  is 
usually  less  affected;  but  in  all  cases  metastasis  occurs  in  various 
parts  of  the  body,  brought  about,  no  doubt,  by  previous  hemorrhages. 

Ocenrrenoe  in  Han. — The  disease  does  not  occur  spontaneously  in 
man,  but  always  results  from  infection,  either  through  the  skin,  the 
intestines,  or  occasionally  by  inhalation  through  the  lungs.  It  is 
usually  produced  by  cutaneous  infection  through  inoculation  of  ex- 
posed surfaces — the  hands,  arms,  or  face.  Infection  of  the  face  or 
neck  would  seem  to  be  the  most  dangerous,  the  mortality  in  such 
cases  being  26  per  cent ;  while  infection  of  the  extremities  is  rarely 
fatal. 

External  anthrax  in  man  is  similar  to  this  form  of  the  disease  in 
animals.  There  are  two  forms :  malignant  pustule  or  carbuncle,  and, 
less  commonly,  malignant  anthrax  oedema. 

In  malignant  pustule,  at  the  site  of  inoculations,  a  small  papule 
develops,  which  becomes  vesicular.  Inflammatory  induration  extends 
around  this,  and  within  thirty-six  hours  there  is  a  dark-brownish 
eschar  in  the  centre,  at  a  little  distance  from  which  there  may  be  a 
series  of  small  vesicles.  The  brawny  induration  may  be  extreme. 
There  may  also  be  considerable  oedema  of  the  parts.  In  most  cases 
there  is  no  fever;  or  the  temperature  at  first  rises  rapidly  and  the 
febrile  phenomena  are  marked.  Death  may  take  place  in  from 
three  to  five  days.  In  cases  which  recover  the  symptoms  are 
slighter.     In  the  mildest  form  there  may  be  only  slight  swelling. 

Malignant  anthrax  oedema  occurs  in  the  eyelids,  and  also  in  the 
head  and  neck,  sometimes  the  hand  and  arm.  It  is  characterized  by 
the  absence  of  the  papule  and  vesicle  forms,  and  by  the  most  exten- 
sive oedema.  The  oedema  may  become  so  intense  that  gangrene  re- 
sults ;  such  cases  usually  prove  fatal. 

The  bacilli  are  found  on  microscopic  examination  of  the  fluid 
from  the  pustule  shortly  after  infection;  later  tlie  typical  anthrax 
bacilli  are  often  replaced  by  involution  forms.  In  this  case  resort 
may  be  had  to  cultures,  animal  inoculation,  or  examination  of  sec- 
tions of  the  extirpated  tumor.  The  bacilli  are  not  present  in  the 
blood  until  just  before  death.  Along  with  the  anthrax  bacilli  pus 
cocci  are  often  found  in  the  pustule  penetrating  into  the  dead  tissue. 

Internal  anthrax  is  much  less  common  in  man;  it  does,  however, 
occur  now  and  then.  There  are  two  forms  of  this:  the  intestinal 
form,  or  mycosis  intestinalis,  and  the  pulmonic  form,  or  wool-sorters* 


Intestinal  anthrax  is  caused  by  infection  through  the  stomach  and 
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intestines,  and  results  probably  from  the  eating  of  raw  flesh  or  un- 
boiled milk  of  diseased  animals.  That  the  eating  of  flesh  from  in- 
fected animals  is  comparatively  harmless  is  shown  by  Gerlier,  who 
states  that  of  400  persons  who  were  known  to  have  eaten  such  meat 
not  one  was  affected  with  anthrax.  On  the  other  hand,  an  epidemic 
of  anthrax  was  produced  among  wild  animals,  according  to  Jansen, 
by  feeding  them  on  infected  horse-flesh.  It  is  evident^  therefore, 
that  there  is  a  possibility  of  infection  being  caused  in  this  way.  The 
recorded  cases  of  intestinal  anthrax  in  man  have  occurred  in  persons 
who  were  in  the  habit  of  handling  hides,  hair,  etc.,  which  were  con- 
taminated with  spores ;  in  those  who  were  conducting  laboratory  ex- 
periments, and  rarely  it  has  been  produced  by  the  ingestion  of  food, 
such  as  raw  ham  and  milk.  The  symptoms  produced  in  this  disease 
are  those  of  intense  poisoning:  ciill,  followed  by  vomiting,  diar- 
rhoea, moderate  fever,  and  pains  in  the  legs  and  back.  The  patho- 
logical lesions  are  similar  to  those  described  in  animals. 

Wool-sorters'  disease,  or  pulmonic  anthrax,  is  found  in  large  es- 
tablishments in  which  wool  and  hair  are  sorted  and  cleansed,  and  is 
caused  by  the  inhalation  of  dust  contaminated  with  anthrax  spores. 
The  attack  comes  on  with  chills,  prostration,  then  fever.  The  breath- 
ing is  rapid,  and  the  patient  complains  of  pain  in  the  chest  There 
may  be  a  cough  and  signs  of  bronchitis.  The  bronchial  symptoms 
in  some  instances  are  pronounced.  Death  may  occur  in  from  two 
to  seven  days.  The  pathological  changes  produced  are  swelling  of 
the  glands  of  the  neck,  the  formation  of  foci  of  necrosis  in  the  air 
passages,  oedema  of  the  lungs,  pleurisy,  bronchitis,  enlargement  of 
the  spleen,  and  parenchymatous  d^enerations. 

Prophylaxis  against  Anthrax  Infection. — Numerous  investiga- 
tions have  been  undertaken  with  the  object  of  preventing  infection 
from  anthrax.  The  efforts  of  Pasteur  to  effect  immunity  in  animals 
by  preventive  inoculations  of  "  attenuated  virus  "  of  the  anthrax  ba- 
cillus, opened  a  new  field  of  productive  original  research.  Follow- 
ing in  his  wake  many  others  have  devised  methods  of  immunization 
against  anthrax  infection ;  but  the  one  adopted  by  Pasteur,  Chamber- 
land,  and  Eoux  has  alone  been  practically  employed  on  a  large  scale. 
According  to  these  authors,  two  anthrax  cultures  of  different  degrees 
of  virulence  attenuated  by  cultivation  at  42^  to  43°  C,  are  used  for 
inoculation.  Vaccine  No.  1  kills  mice,  but  not  guinea-pigs ;  vaccine 
No.  2  kills  guinea-pigs  but  not  rabbits.  The  animals  to  be  inoculated 
— ^viz.,  sheep  and  cattle — are  first  given  a  subcutaneous  injection  of 
one  to  several  tenths  of  a  cubic  centimetre  of  a  four-day-old  bouillon 
culture  of  Vaccine  No.  1 ;  after  ten  to  twelve  days  they  receive  a 
similar  dose  of  Vaccine  No.  2.  Prophylactic  inoculations  given  in 
this  way  have  been  widely  employed  with  apparently  good  results. 

Bacterial  Cultures  for  Diagnosis.— The  detection  of  the  anthrax 
bacillus  is  ordinarily  not  difiicult,  as  this  organism  presents  morpho- 
logical, biological,  and  pathogenic  characteristics  whidi  distinguish 
it  from  all  other  bacteria.     In  the  later  stages  of  the  disease,  how- 
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ever,  the  bacilli  may  be  absent  or  difficult  to  find,  and  cultivation  on 
artificial  media  and  experimental  inoculation  in  animals  are  not  al- 
ways followed  by  positive  results.  Even  in  sections  taken  from  the 
extirpated  pustule  it  is  sometimes  difficult  to  detect  the  bacilli.  In 
such  cases  only  a  probable  diagnosis  of  anthrax  can  be  made.  It 
should  be  remembered  that  the  bacilli  are  not  found  in  the  blood 
until  shortly  before  death,  and  then  only  in  varying  quantity;  thus 
blood  examinations  often  give  negative  results,  though  the  bacilli 
may  be  present  in  large  numbers  in  the  spleen,  kidneys,  and  other 
organs  of  the  body.  The  suspected  material  should  be  streaked 
over  nutrient  agar  in  Petri  plates  and  inoculated  in  mice. 

Differential  Diagnosis. — Among  otlier  bacteria  which  may  possibly 
be  mistaken  for  anthrax  bacilli  are  Bacillvs  svhtilis  and  the  bacillus 
of  malignant  cedema.  The  former  is  distinguished  by  its  motility, 
by  various  cultural  peculiarities,  and  by  being  non-pathogenic.  The 
latter  differs  from  the  anthrax  bacillus  in  form  and  motility,  in  be- 
ing decolorized  by  Gram's  solution,  in  being  a  strict  anaerobe,  and  in 
various  pathogenic  properties. 

The  diagnosis  of  internal  anthrax  in  man  is  by  no  means  easy,  un- 
less the  history  points  definitely  to  infection  in  the  occupation  of  the 
individual.  In  cases  of  doubt  cultures  should  be  made  and  inocula- 
tions performed  in  animals. 

BACILLUS   AKTHBACIS    STMPTOMATICI    (BACILLUS    OF    SYMP- 
TOMATIC ANTHRAX). 

Like  the  bacilli  of  anthrax  and  of  malignant  oedema,  both  of 
which  it  resembles  in  other  respects  also,  the  bacillus  of  symptomatic 
anthrax  is  an  inhabitant  of  the  soil.  It  is  found  as  the  chief  cause 
of  the  disease  in  animals — principally  cattle  and  sheep — ^known  as 
."  black  leg,"  "  quarter  evil,"  or  symptomatic  anthrax  (rauschbrand, 
German ;  diarbon  symptomatique,  French),  a  disease  which  is  charac- 
terized by  a  peculiar  emphysematous  swelling  of  the  subcutaneous 
tissues  and  muscles,  especially  over  the  quarters.  Clinically  it  is 
sometimes  confused  witli  anthrax. 

Morphology. — Bacilli  having  rounded  ends,  from  0.5/*  to  0.6/* 
broad  and  from  3/*  to  5/tt  long;  mostly  isolated;  also  occurring  in 
pairs,  joined  end-to-end,  but  never  growing  out  into  long  filaments, 
as  the  anthrax  bacilli  in  culture  and  the  bacilli  of  malignant  cedema 
in  the  bodies  of  animals  are  frequently  seen  to  do.  In  the  hanging 
drop  the  bacilli  are  observed  to  be  actively  motile,  and  in  stained 
preparations  flagella  may  be  demonstrated  surrounding  the  i)eri- 
phery.  The  spores  are  elliptical  in  shape,  usually  thicker  than  the 
bacilli,  lying  near  the  middle  of  the  rods,  but  rather  toward  one  ex- 
tremity. This  gives  to  the  bacilli  containing  spores  a  somewhat 
spindle  shape. 

Stains  with  the  ordinary  aniline  dyes,  but  not  with  Gram's  method 
or  only  with  difficulty  and  after  long  treatment  or  intense  colors. 
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Biology. — Like  the  bacillus  of  malignant  oedema,  this  is  a  strict 
anaerobe,  and  cannot  be  cultivated  in  an  atmosphere  in  which  oxygen 
is  present     It  grows  best  under  hydrogen,  and  does  not  grow  under 
carbonic  acid.     This  bacillus  devel- 
ops at  the  room  temperature  in  the 
usual  culture  media,  in  the  absence 
of  oxygen,  but  it  grows  best  in  those 
to  which  1.5  to  2  per  cent  of  glu- 
cose or  5  per  cent  of  glycerin  has 
been  added. 

Growth  on  Agar.  — The  colonies  on 
agar  are  somewhat  more  compact 
than  those  of  malignant  oedema,  but 
they  also  send  out  projections  very 
often.  In  agar-stick  cultures,  in 
the  incubator,  growth  occurs  after 
a  day  or  two  also  some  distance 
below  the  surface,  and  is  aocompa- 
Hied  by  the  production  of  gas  and  B"""  »^o1S''t'55?S?  §SE'.)'""""°* 
a  peculiar  disagreeable  acid  odor. 

Pathogenesis. — The  bacillus  of  symptomatic  anthrax  is  pathogenic 
for  cattle  (which  are  immune  against  malignant  oedema),  sheep, 
goats,  guinea-pigs,  and  mice;  horses,  asses,  and  white  rats,  when  in- 
oculated with  a  culture  of  this  bacillus,  present  only  a  limited  reac- 
tion ;  and  rabbits,  swine,  dogs,  cats,  chickens,  ducks,  and  pigeons  are, 
as  a  rule,  naturally  immune  to  the  disease.  The  guinea-pig  is  the 
most  susceptible  of  test  animals.  When  susceptible  animals  are  in- 
oculated subcutaneously  with  pure  cultures  of  this  organism,  or  with 
spores  attached  to  a  silk  thread,  or  with  bits  of  tissue  from  the  af- 
fected parts  of  another  animal  dead  of  the  disease,  death  ensues  in 
from  twenty-four  to  thirty-six  hours.  At  the  autopsy  a  bloody  serum 
is  found  in  the  subcutaneous  tissues,  extending  from  tlie  point  of 
inoculation  over  the  entire  surface  of  the  abdomen,  and  the  muscles 
present  a  dark-red  or  black  appearance,  even  more  intense  in  color 
than  in  malignant  oedema,  and  diere  is  a  considerable  development 
of  gas.     The  lymphatic  glands  are  markedly  hypera^mic. 

The  disease  occurs  chiefly  in  cattle,  more  rarely  in  sheep  and  goats ; 
horses  are  not  attacked  spontaneously — i.  e,,  by  accidental  infection. 
In  man  infection  has  never  been  produced,  though  ample  opportunity 
by  infection  through  wounds  in  slaughter-houses  and  by  ingestion  of 
infected  meat  has  been  given.  The  usual  mode  of  natural  infection  by 
symptomatic  anthrax  is  through  wounds  which  penetrate  not  only  the 
skin,  but  the  deep,  intercellular  tissues;  some  cases  of  infection  by 
ingestion  have  been  observed.  The  pathological  findings  present  the 
conditions  above  described  as  occurring  in  experimental  infection. 

Distribution  Ontside  of  the  Body. — Symptomatic  anthrax,  like  an- 
thrax and  malignant  oedema,  is  a  disease  of  the  soil,  but  it  shows  a 
more  limited  endemic  distribution  than  the  former,  and  is  differently 


424  PATHOGENIC  MICBO^BGANISMS. 

distributed  over  the  earth's  surface  than  the  second  of  these  diseases, 
being  confined  especially  to  places  over  which  infected  herds  of  cattle 
have  been  pastured.  It  is  doubtful  whether  the  bacilli  are  capable 
of  development  outside  of  the  body  like  anthrax.  In  the  form  of 
spores,  however,  reproduction  may  take  place;  by  contamination 
with  these,  through  deep  wounds  acquired  by  animals  in  infected 
pastures,  the  disease  is  spread. 

Toxins. —Under  favorable  conditions  extracellular  toxins  are  formed 
so  that  the  filtrate  of  cultures  is  very  poisonous.  Injections  of  the 
toxin  into  animals  excite  the  production  of  antitoxins. 

To  recapitulate  briefly,  the  principal  points  of  differentiating  this 
bacillus  from  the  bacillus  of  malignant  oedema,  which  it  closely  re- 
sembles, are:  it  is  smaller;  it  does  not  develop  into  long  threads  in 
the  tissues ;  it  is  more  actively  motile^  and  forms  spores  more  readily 
in  the  animal  body  than  does  the  bacillus  of  malignant  oedema.  It 
is  pathogenic  for  cattle,  while  malignant  oedema  is  not;  and  swine, 
dogs,  rabbits,  chickens,  and  pigeons,  which  are  readily  infected  with 
malignant  oedema,  are  not,  as  a  rule,  susceptible  to  symptomatic 
anthrax. 

Preventive  Inoculations. — It  is  well  known  to  veterinarians  that  re- 
covery from  one  attack  of  symptomatic  anthrax  protects  an  animal 
against  a  second  infection.  Artificial  immunity  to  infection  can 
also  be  produced  in  various  ways :  by  inoculations  with  cultures  which 
have  been  kept  for  a  few  days  at  a  temperature  of  42^  to  43°  C.  and 
have  thus  lost  their  original  virulence,  or  by  inoculations  of  filtered 
cultures,  or  of  cultures  sterilized  by  heat  For  the  production  of 
immunity  in  cattle  it  is  advised  to  use  a  dried  powder  of  the  muscles 
of  animals  which  have  succumbed  to  the  disease,  and  which  have 
been  subjected  to  a  suitable  temperature  to  ensure  attenuation  of  the 
virulence  of  the  spores  contained  therein.  Two  vaccines  are  pre- 
pared, as  in  anthrax — a  stronger  vaccine  by  exposing  a  portion  of 
the  powder  to  a  temperature  of  85°  to  90*^  C.  for  six  hours,  and  a 
weaker  vaccine  by  exposing  it  for  the  same  time  to  a  temperature  of 
100°  to  104°  C.  Inoculations  are  made  with  this  attenuated  vims 
into  the  end  of  the  tail — first  the  weaker  and  later  the  stronger. 
These  give  rise  to  a  local  reaction  of  moderate  intensity,  and  the 
animal  is  subsequently  immune  from  the  effects  of  the  most  virulent 
material  and  from  the  disease.  Fourteen  days  are  allowed  to  elapse 
between  the  two  inoculations.  The  result^i  obtained  from  this  method 
of  preventive  inoculation  seem  to  have  been  very  satisfactory.  Ac- 
cording to  the  statistics,  including  many  thousand  cattle  treated,  the 
mortality,  which  among  22,300  non-inoculated  cattle  was  2.20  per 
cent.,  has  been  reduced  to  0.16  per  cent,  in  14,700  animals  inocu- 
lated. When  danger  of  immediate  infection  exists,  it  is  advisable  to 
inject  some  antitoxin  with  the  vaccine.  This  lessens  the  reaction  and 
gives  immediate  immunity. 

If  an  antitoxic  serum  is  at  hand  it  should  be  given  in  cases  seen 
early  in  the  disease. 


CHAPTER  XXXII. 

THE  CHOLERA  SPIRIliLUM  (SPIRILLUM  CHOLERiB  ASIATICiB) 
AND  ALLIED  VARIETIES. 

In  1883  Koch  separated  a  characteristically  curved  organism  from 
the  dejecta  and  intestines  of  cholera  patients — ^the  so-called  ^^comma 
bacillus/'  This  he  declared  to  be  absent  from  the  stools  and  intes- 
tinal contents  of  healthy  persons,  an<}  of  persons  suffering  from  other 
affections.  The  organism  was  said  to  possess  certain  morphological 
and  biological  features  which  readily  distinguished  it  from  all  pre- 
viously described  organisms.  It  was  absent  from  the  blood  and  vis- 
cera, and  was  found  only  in  the  intestines ;  and  the  greater  the  num- 
ber, it  was  said,  the  more  acute  the  attack.  Koch  also  demonstrated 
an  invasion  of  the  mucosa  and  its  glands.  The  organisms  were  found 
in  the  stools  on  staining  the  mucous  flakes  or  the  fluid  with  methylene 
blue  or  fuchsin,  and  sometimes  alone;  by  means  of  cultivation  on 
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Contact    smear    of    colony    of    cholera  Cholera  spirilla  preparation  from  gela- 

splrllla  from  agar,  x  700  diameters.  tin-plate  culture  of  cholera,  x  800  dlam- 
(Dunham.)  eters. 

gelatin  they  were  readily  separated  from  the  stools.  Numerous  con- 
trol observations  made  upon  other  diarrhoeic  dejecta  and  upon  normal 
stools  were  negative;  the  comma  bacillus  was  found  in  choleraic 
material  only,  or  occasionally  in  small  numbers  in  the  stools  of 
healthy  persons  who  came  in  contact  with  cholera.  Soon,  however, 
other  observers  described  comma-shaped  organisms  of  non-choleraic 
origin.  Finkler  and  Prior,  for  instance,  found  them  in  the  diar- 
rhoeal  stools  of  cholera  nostras,  Deneke  in  cheese,  Lewis  and  Miller 
in  saliva.  AH  of  these  organisms,  however,  differed  in  many  respects 
from  Koch's  comma  bacillus,  ^and  it  has  since  been  proved  that  none 
of  them  is  affected  by  the  specific  serum  of  animals  immunized  to 
cholera.  After  a  time,  therefore,  the  exclusive  association  of  Koch's 
vibrio  with  cholera  or  those  in  contact  with  it  became  almost  gener- 
ally acknowledged  until  now  it  is  regarded  by  bacteriologists  every- 
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where  to  be  the  specific  cause  of  Asiatic  cholera.  Certain  sporadic 
cases  of  cholera-like  disease,  however,  are  undoubtedly  due  to  other 
organisms. 

Morphology. — Curved  rods  with  rounded  ends  which  do  not  lie 
in  the  same  plane,  of  an  average  of  3  to  5/*  in  length  and  about  0.4/* 
in  breadth.  The  curvature  of  the  rods  may  be  very  slight,  like  that 
of  a  comma,  or  distinctly  marked,  particularly  in  fresh  unstained 
preparations  of  full-grown  individuals,  presenting  the  appearance 
of  a  half -circle.  By  the  inverse  junction  of  two  vibrios  S-shaped 
forms  are  produced.  Longer  forms  are  rarely  seen  in  tlie  intestinal 
discharges  or  from  cultures  grown  on  solid  media,  but  in  fluids,  es- 
pecially when  grown  under  imfavorable  conditions,  long,  spiral  fila- 
ments may  develop.  The  spiral  forms  are  best  studied  in  the  hang- 
ing drop,  for  in  the  dried  and  stained  preparations  the  spiral  char- 
acter of  the  long  filaments  is  often  obliterated.  In  film  preparations 
from"  the  intestinal  contents  in  typical  cases  it  will  be  found  that  the 
organisms  are  present  in  enormous  numbers,  and  often  in  almost 
pure  culture  (Figs.  128  and  129).  In  old  cultures  irregularly 
clubbed  and  thickened  involution  forms  are  frequent,  and  the  pres- 
ence in  the  organisms  of  small,  rounded,  highly  refractile  bodies  is 
often  noted. 

Staimng. — The  cholera  spirillum  stains  with  the  aniline  colors 
usually  employed,  but  not  as  readily  as  many  other  bacteria ;  a  dilute 
aqueous  solution  of  carbol  fuschin  (1.0  per  cent)  is  reconmiended  as 
the  most  reliable  staining  agent  with  the  application  of  a  few  minutes' 
heat  It  is  decolorized  by  Gram's  method.  The  organisms  exhibit 
one  long,  fine,  spiral  flagellum  attached  to  one  end  of  the  rods,  or,  ex- 
ceptionally, to  both  ends.  (Cholera-like  spirilla  often  have  1,  2,  or 
3  end  flagella.)  In  sections  they  are  stained  best  by  alkaline  methy- 
lene-blue  solution  and  washed  in  water  sli^tly  acidulated  with  acetic 
acid. 

Biology. — An  aerobic  (facultative  anaerobic),  liquefying,  very 
motile  spirillum.  Grows  readily  in  the  ordinary  culture  media, 
Ix^st  at  37^  C,  but  also  at  room  temix^rature  (22°  C.)  ;  does  not  grow 
at  a  temperature  above  42°  or  below  8°  C.  and  does  not  form  spores. 

In  gelatin-plate  cultures  at  22°  C.  the  colonies  are  quite  character- 
istic; at  the  end  of  twenty-four  hours,  small,  round,  yellowish-white 
to  yellow  colonies  may  be  seen  in  the  depths  of  the  gelatin,  which 
later  grow  toward  the  surface  and  cause  liquefaction  of  the  medium, 
the  colonies  lying  at  the  bottom  of  the  holes  or  pocket  thus  formed. 
The  zone  of  liquefaction,  which  increases  rapidly,  at  first  remains 
clear,  then  becomes  cloudy,  mostly  gray,  as  the  result  of  the  growth 
of  the  colonies.  In  many  cases  after  a  time  concentric  rings,  in- 
creasing from  day  to  day,  appear  in  tlie  zone  of  liquefaction.  (See 
Figs.  130  and  131.)  Examined  under  a  low-power  lens,  at  the  end 
of  sixteen  to  twenty-four  hours,  the  colonies  appear  as  small,  light- 
yellow,  round,  coarsely  granular  disks,  with  a  more  or  less  irregular 
outline.     In  many  cases  at  this  stage  an  ill-defined  halo  is  seen  to 
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surround  the  granular  colony.  As  the  colonies  become  older  the 
granular  structure  increases,  until  a  stage  is  reached  when  the  surface 
looks  as  if  it  were  covered  with  little  fragments  of  broken  glass. 
Liquefaction  continues  about  the  colonies,  their  structure  appears 


Fig.  130 


FlO.  131 


Cholera  colonies  in  gelatin ;  twenty-four 
to  thirty-six  hours'  growth,  x  about  20 
diameters. 


Cholera   colony    in    eelatln.     x   30   diame- 
ters.    (Dunham.) 


fissured  and  coarsely  granular  in  texture,  and  occasionally  a  hair- 
like border  is  fonned  at  tlie  periphery  (Fig.  131).  Sometimes  the 
colonies  may  be  retained  as  compact  masses  in  the  zone  of  liquefac- 
tion, and  then  they  are  dark  yellow  or  brown  in  color,  and  forms 


Fig.  132 


A  characteristic  series  of  cholera  cultures  in  gelatin ;   from   right  to  left,  one,  two, 
three,  four,  and  six  days*  growth.      (Dunham.) 


occur  which  are  absolutely  unlike  the  typical  cholera  colonies.  In 
gelatin-stick  cultures  the  growth  is  at  first  thread-like  and  unchar- 
acteristic. At  the  end  of  twenty-four  to  thirty-six  hours  a  small, 
funnel-shaped  depression  appears  on  the  surface  of  the  gelatin,  which 
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soon  spreads  out  in  the  form  of  an  air  bubble  above,  while  below  this 
is  a  whitish,  viscid  mass.  Later,  the  funnel  increases  in  depth  and 
diameter,  and  at  the  end  of  from  four  to  six  days  may  reach  flie  edge 
of  the  test-tube ;  in  from  eight  to  fourteen  days  the  upper  two-thirds 
of  the  gelatin  is  completely  liquefied.  (See  Fig.  132.)  .  Freshly  iso- 
lated cholera  vibrios  liquefy  gelatin  more  rapidly  than  old  labora- 
tory cultures;  a  certain  variation,  under  some  circumstances,  in  the 
characteristic  liquefaction  of  the  gelatin,  even  in  fresh  cultures, 
should  be  borne  in  mind  in  making  a  diagnosis.  Sudi  variations 
in  cultural  peculiarities  occur  also  with  other  bacteria. 

Upon  the  surface  of  agar  the  Comma  bacUlus  develops  a  moist, 
shining,  grayish-yellow  layer.  In  agar-plate  cultures,  for  diagnostic 
purposes,  the  growth  of  separated  colonies  is  of  some  importance. 
The  nutrient  agar  after  pouring  in  the  plates  and  solidifying  should 
be  slightly  dri^  on  the  surface  by  putting  the  uncovered  plate  face 
downward  on  the  shelf  of  the  incubator  at  37°  C.  for  thirty  minutes, 
or  at  60°  C.  for  five  minutes.  The  cholera  colonies  develop  fairly 
characteristically,  being  more  transparent  than  those  of  most  oilier 
bacteria  except  the  cholera-like  vibrios.  Blood  serum,  is  rapidly 
liquefied  at  the  temperature  of  the  incubator.  On  potato  at  incu- 
bator temperature  a  moist  growth  of  a  dirty-brown  color  occurs. 
Milk  is  not  coagulated.  In  bouillon  the  growth  is  rapid  and  abun- 
dant; in  the  incubator  at  the  end  of  ten  to  sixteen  hours  the  liquid 
is  diffusely  colored,  and  on  the  surface  a  wrinkled  membranous  layer 
is  often  formed.  In  general  the  spirillum  grows  in  any  liquid  con- 
taining a  small  quantity  of  organic  matter  and  having  a  slightly 
alkaline  reaction.  An  acid  reaction  of  the  culture  medium  prevents 
its  development,  as  a  rule;  but  it  has  the  power  of  gradually  ac- 
commodating itself  to  the  presence  of  vegetable  acids.  Abundant 
development  occurs  in  bouillon  which  has  been  diluted  with  eight  to 
ten  parts  of  water  and  in  simple  peptone  solution. 

The  conrnia  bacillus  belongs  to  the  class  of  aerobic  organisms,  inas- 
much as  it  grows  readily  only  in  the  presence  of  oxygen,  and  that  it 
develops  active  motility  only  when  a  certain  amount  of  oxygen  is 
present.  It  does  riot  grow  in  the  total  absence  of  oxygen,  but  a  small 
quantity  of  oxygen  is  all  that  is  required  for.  its  development,  as  in 
the  intestines.  This  need  of  oxygen  tends  to  send  the  spirilla  to  the 
surface  of  fluid  culture  media. 

Cholera-red  Beaction. — ^W^hen  a  small  quantity  of  chemically  pure 
sulphuric  acid  is  added  to  a  twenty-four-hour  bouillon  Qulture  of  the 
cholera  bacillus  containing  peptone  a  reddish-violet  color  is  produced. 
Briber  separated  the  pigment  formed  in  this  reaction — the  so-called 
cholera-red — and  showed  that  it  was  indol,  and  that  the  reaction  was 
nothing  more  than  the  well-known  indol  reaction.  Salkowski  and 
Petri  then  demonstrated  that  the  cholera  bacilli  produced  in  thin 
bouillon  cultures,  along  with  indol,  nitrites  by  reducing  the  nitrates 
contained  in  small  quantities  in  the  culture  media.  They  showed 
that  it  is  the  nitric  acid,  liberated  by  the  addition  of  sulphuric  acid 
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to  the  culture,  which  would  give  rise  to  the  indol,  the  red  body  upon 
which  the  cholera  reaction  depends.  For  a  long  time  it  was  believed 
that  this  nitroso-indol  reaction  was  peculiar  to  the  cholera  bacillus, 
and  great  weight  was  placed  on  it  as  a  diagnostic  test.  It  has  since 
.  been  shown,  however,  that  there  are  a  number  of  other  vibrios  which, 
under  similar  conditions  as  the  cholera  vibrio,  give  the  same  red  re- 
action. The  reaction  is,  nevertheless,  a  constant  and  characteristic 
peculiarity  of  this  spirillum,  and  is  of  unquestionable  value.  It  is 
even  more  valuable  as  a  negative  than  as  a  positive  test,  as  the  ab- 
sence of  the  reaction  enables  one  to  say  of  a  suspected  organism  that 
it  is  not  the  cholera  spirillimi.  There  are,  however,  certain  pre; 
cautions  to  be  observed  in  its  use.  It  has  been  shown  that  the  re- 
action may  be  absent,  for  instance,  when  the  culture  contains  either 
too  much  or  too  little  nitrate.  It  is,  therefore,  advisable  not  to  em- 
ploy a  bouillon  culture  the  composition  of  which  is  uncertain,  but 
a  distinctly  alkaline  solution  of  peptone,  containing  1  per  cent,  pure 
peptone  and  0.5  per  cent  of  pure  chloride  of  sodium  (Dunham's 
solution).     With  such  a  solution  constant  results  can  be  obtained. 

Development  Outside  of  the  Body. — It  has  been  shown  by  experi- 
ment that  cholera  spirilla  multiply  to  some  extent  in  sterilized  river- 
water  or  well-water,  and  preserve  their  vitality  in  such  water  for 
several  weeks  or  even  months.  Koch  demonstrated  the  presence  of 
this  spirillum  in  the  foul  water  of  a  tank  in  India  which  was  used  by 
the  natives  for  drinking  purposes.  In  his  early  investigations  he 
found  that  rapid  multiplication  may  occur  upon  the  surface  of  moist 
linen. 

Besistance  and  Vitality. — If  a  culture  be  spread  on  a  cover-glass 
and  exposed  to  the  action  of  the  air  at  room  temperature  the  bacilli 
will  be  dead  at  the  end  of  two  or  three  hours,  unless  the  layer  of  cul- 
ture is  very  thick,  in  which  case  it  may  take  twenty-four  hours  or 
more  to  kill  all  the  bacilli.  This  indicates  that  infection  is  not  pro- 
duced by  means  of  dust  or  other  dried  objects  contaminated  with 
cholera  bacilli.  The  transmission  of  these  organisms  through  the 
air,  therefore,  can  only  take  place  for  short  distances,  as  by  a  spray 
of  infectious  liquids  by  mechanical  means — as,  for  instance,  the 
breaking  of  waves  in  a  harbor,  on  water-wheels,  etc.,  or  in  moist 
wash  of  cholera  patients. 

The  cholera  bacillus  is  also  injuriously  affected  by  the  abundant 
growth  of  saprophytic  bacteria.  It  is  true  that  when  associated  with 
other  bacteria,  if  present  in  large  numbers,  and  if  the  conditions  for 
their  development  are  particularly  favorable,  the  cholera  bacillus 
may  at  first  gain  the  upper  hand,  as  in  the  moist  linen  of  cholera 
patients,  or  in  soil  impregnated  with  cholera  dejecta ;  but  later,  after 
two  or  three  days,  even  in  such  cases,  the  bacilli  die  off  and  other 
bacteria  gradually  take  their  place.  Thus,  Kocli  found  that  the  fluid 
contents  of  privies  twenty-four  hours  after  the  introduction  of  com- 
mon bacilli  no  longer  contained  the  living  organisms;  in  impure 
river-water  they  were  not  demonstrable  for  more  than  six  to  seven 
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days,  as  a  rule.  In  the  dejecta  of  cholera  patients  they  were  found 
usually  only  for  a  few  days  (one  to  three  days),  though  rarely  they 
have  been  observed  for  twenty  to  thirty  days,  and  on  one  occasion  for 
one  hundred  and  twenty  days.  In  unsterilized  water  they  may  also 
retain  their  vitality  for  a  relatively  long  time;  thus,  in  stagnant  well- 
water  they  have  been  found  for  eighteen  days,  and  in  an  aquarium 
containing  plants  and  fishes,  the  water  of  which  was  inoculated  with 
cholera  germs,  they  were  isolated  several  months  later  from  the  mud 
at  the  bottom.  In  running  river-water,  however,  they  have  not  been 
observed  for  over  six  to  eight  days.  For  the  cholera  organisms  the 
conditions  favorable  to  growth  are  a  warm  temperature,  moisture,  a 
good  supply  of  oxygen,  and  a  considerable  proportion  of  organic  ma- 
terial. These  conditions  are  fully  met  with  outside  the  body  in  but 
very  few  localities. 

The  comma  bacillus  has  the  average  resistance  of  spore-free  bac- 
teria, and  is  killed  by  exposure  to  moist  heat  at  60°  C.  in  ten  minutes, 
at  95°  to  100°  C.  in  one  minute.  The  bacilli  have  been  found  alive 
kept  for  a  few  days  in  ice,  but  ice  which  has  been  preserved  for  sev- 
eral weeks  does  not  contain  living  bacilli. 

Chemical  disinfectants  readily  destroy  the  vitality  of  cholera 
vibrios.  For  disinfection  on  a  small  scale,  as  for  wasliing  the  hands 
when  contaminated  with  cholera  infection,  a  0.1  per  cent,  solution 
of  bidiloride  of  mercury  or  a  2  to  3  per  cent  solution  of  carbolic 
acid  may  be  used.  For  disinfection  on  a  large  scale,  as  for  the  dis- 
infection of  cholera  stools,  strongly  alkaline  milk  of  lime  is  an  ex- 
cellent agent.  The  wash  of  cholera  patients,  contaminated  furni- 
ture, floors,  etc.,  may  be  disinfected  by  a  solution  of  5  per  cent, 
carbolic  acid  and  soap  water. 

Pathogenesis. — Not  one  of  the  lower  animals  is  naturally  subject  to 
cholera,  nor  has  any  contracted  the  disease  as  the  result  of  the  in- 
gestion of  food  contaminated  with  choleraic  excreta  or  from  the  in- 
oculations of  pure  cultures  of  tlie  spirillum,  either  subcutaneously 
or  by  the  mouth.  It  has  been  shown  that  the  comma  bacillus  is 
extremely  sensitive  to  the  action  of  acids,  and  is  quickly  destroyed 
by  the  acid  secretions  of  the  stomach  of  man  or  the  lower  animals, 
when  these  secretions  are  normally  produced.  Koch  sought  to  pro- 
duce infection  in  guinea-pigs  per  vias  natwrales  by  first  neutralizing 
the  contents  of  the  stomach  with  a  solution  of  carbonate  of  soda — 
5  c.c  of  a  5  per  cent,  solution  injected  into  the  stomach  through  a 
pharyngeal  catheter — and  then  after  a  while  administered  tlirough 
a  similar  catheter  10  cc.  of  a  liquid  into  which  had  been  put  one  or 
two  drops  of  a  bouillon  culture  of  the  comma  bacillus.  The  animal 
then  receives  a  dose  of  1  cc.  of  tincture  of  opium  per  200  grams  of 
body-weight,  introduced  into  the  abdominal  cavity,  for  the  purpose 
of  controlling  the  peristaltic  movements.  As  a  result  of  this  treat- 
ment the  animals  are  completely  narcotized  for  about  half  an  hour, 
but  recover  from  it  without  showing  any  ill  effects.  On  the  evening 
of  the  same  or  the  following  day  the  animal  shows  an  indisposition 
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to  eat  and  other  signs  of  weakness,  its  posterior  extremities  become 
weak  and  apparently  paralyzed,  and,  as  a  rule,  death  occurs  within 
forty-eight  hours  with  the  symptoms  of  collapse  and  fall  of  tempera- 
ture. At  the  autopsy  the  small  intestine  is  found  to  be  congested 
and  filled  with  a  watery  fluid,  containing  the  spirillum  in  great  num- 
bers. These  results,  however,  are  somewhat  weakened  by  the  fact 
that  experiments  made  with  some  other  bacteria  morphologically 
similar  to  the  comma  bacillus  of  Koch,  but  specifically  different, 
occasionally  produced  death  when  introduced  in  the  same  way  into 
the  small  intestines  of  guinea-pigs. 

There  are  several  cases  on  record  which  furnish  the  most  satis- 
factory evidence  that  the  cholera  spirillum  is  able  to  produce  the 
disease  in  man.  In  1884  a  student  in  Koch's  laboratory  in  Berlin, 
who  was  taking  a  course  on  cholera,  became  ill  with  a  severe  attack 
of  cholera.  At  that  time  there  was  no  cholera  in  Germany,  and  the 
infection  could  not  have  been  produced  in  any  other  way  than  through 
the  cholera  cultures  which  were  being  used  for  the  instruction  of 
students.  In  1892  Pettenkofer  and  Emmerich  experimented  on 
themselves  by  swallowing  small  quantities  of  fresh  diolera  cultures 
obtained  from  Hamburg.  Pettenkofer  was  affected  with  a  mild  at- 
tack of  cholerine  or  severe  diarrhoea,  from  which  he  recovered  in  a 
few  days  without  any  serious  effects;  but  Emmerich  became  very 
ill.  On  the  night  following  the  infection  he  was  attacked  by  fre- 
quent evacuations  of  the  characteristic  rice-water  type,  cramps,  tym- 
panites, and  great  prostration.  His  voice  became  hoarse,  and  the 
secretion  of  urine  was  somewhat  diminished,  this  condition  lasting 
for  several  days.  In  both  cases  the  cholera  spirillum  was  obtained 
in  pure  culture  from  the  dejecta.  Finally,  there  is  the  case  of  Dr. 
Oergel,  of  Hamburg,  who  accidentally,  while  experimenting  on  a 
guinea-pig,  allowed  some  of  the  infected  peritoneal  fluid  to  squirt  into 
his  mouth.  He  was  taken  ill  and  died  a  few  days  afterward  of 
typical  cholera,  though  at  the  time  of  his  death  there  was  no  cholera 
in  the  city.  These  accidents  and  experiments  would  certainly  seem 
to  prove  conclusively  the  capability  of  pure  virulent  cholera  cultures 
to  produce  the  disease. 

Lesions  in  Han. — Cholera  in  man  is  an  infective  process  of  the 
epithelium  of  the  intestine,  in  which  the  spirilla  clinging  to  and  be- 
tween the  epithelial  cells  produce  a  jmrtial  or  entire  necrosis  and  final 
destruction  of  the  epithelial  covering,  which  thus  renders  possible 
the  absorption  of  the  cholera  toxin  formed  by  the  growth  of  the 
spirilla.  The  larger  the  surface  of  the  mucous  membrane  infected 
and  the  more  luxuriant  the  development  of  bacilli  and  the  produc- 
tion of  toxin,  the  more  pronoimced  will  be  the  poisoning,  ending 
fatally  in  a  toxic  paralysis  of  the  circulatory  and  thermic  centres. 
On  the  other  hand,  however,  there  may  be  cases  where,  in  spite  of  the 
large  number  of  cholera  bacilli  present  in  the  dejecta,  severe  symp- 
toms of  intoxication  may  be  absent.  In  such  cases  the  destruction 
of  epithelium  is  not  produced  or  is  so  slight  that  the  toxic  substance 
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absorbed  is  not  in  sufficient  concentration  to  give  rise  to  the  algid 
stage  of  the  disease,  or  for  some  reason  the  spirilla  do  not  produce 
toxin  to  any  extent  In  no  stage  of  the  disease  are  living  diolera 
spirilla  found  in  the  organs  of  the  body  or  in  the  secretions. 

Distribntion  in  the  Body. — The  diolera  spirilla  are  found  only  in 
the  intestines  and  are  believed  never  to  be  present  in  the  blood  or 
internal  organs.  The  lower  half  of  the  small  intestine  is  most  af- 
fected, a  large  part  of  its  surface  epithelium  becoming  shed.  The 
flakes  floating  in  the  rice-water  discharges  consist  mostly  of  masses 
of  epithelial  cells  and  mucus,  among  which  are  numerous  spirilla. 
The  spirilla  also  penetrate  the  follicles  of  Lieberkiihn,  and  may  be 
seen  lying  between  the  basement-membrane  and  the  epithelial  lining, 
which  become  loosened  by  their  action.  They  are  rarely  foimd  in 
the  connective  tissue  beneath,  and  never  penetrate  deeply.  In  more 
chronic  cases  other  micro-organisms  play  a  greater  part  and  deeper 
lesions  of  the  intestines  may  occur. 

Oommunioability.  Origin  of  Epidemics. — ^From  this  fact  and 
other  known  properties  of  the  cholera  spirillum,  which  have  already 
been  referred  to,  several  important  deductions  may  be  made  with  re- 
gard to  the  mode  of  transmission  of  cholera  infection.  In  the  first 
place  the  bacilli  evidently  leave  the  bodies  of  cholera  patients,  chiefly 
in  the  dejections  during  the  early  part  of  the  disease  (they  have 
usually  disappeared  after  the  fourth  to  the  fourteenth  day,  but  may 
remain  for  many  months),  and  only  these  dejections,  therefore,  and 
objects  contaminated  by  them,  such  as  bed  and  body  linen,  floors, 
vaults,  soil,  well-water  and  river-water,  green  vegetables  wet  with 
infected  water,  etc.,  can  be  regarded  as  possible  sources  of  infection. 
There  is  a  special  limitation  even  in  these  sources  of  infection,  owing 
to  the  fact  that  this  spirillum  is  so  easily  destroyed  by  desiccation 
and  crowded  out  by  saprophytic  organisms.  Thus,  as  a  rule,  only 
fresh  dejections  and  freshly  contaminated  objects  are  liable  to  con- 
vey infection ;  a  day  after  they  have  become  completely  dry  there  is 
little  danger.  Further,  we  must  conclude  from  the  distribution  of 
the  cholera  bacillus  in  the  body  and  from  experiments  upon  animals 
that  the  commonest  mode  of  infection  is  by  way  of  the  mouth,  and 
chiefly  by  means  of  water  used  for  drinking  purposes,  for  the  prep- 
aration of  food,  etc.  In  recent  times  cholera  spirilla  have  been 
found  not  infrequently  in  water  (wells,  water-mains,  rivers,  har- 
bors, and  canals)  which  has  become  contaminated  by  the  dejections 
of  cholera  patients. 

As  in  other  infectious  diseases,  not  everyone  who  is  exposed  to 
infection  is  attacked  by  cholera.  The  bacilli  have  been  found  dur- 
ing cholera  epidemics  in  the  dejections  of  healthy  individuals  with- 
out any  pathological  symptoms.  Abel  and  Claussen  for  example, 
in  14  out  of  17  persons  belonging  to  the  families  of  7  cholera  pa- 
tients, found  cholera  vibrios,  in  some  of  them  for  a  period  of  four- 
teen days.  In  Hamburg  there  were  28  such  cases  of  healthy 
choleraic  individuals  with  absolutely  normal  stools.     It  is  evident, 
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therefore,  that  an  individual  susceptibility  is  requisite  to  produce 
the  disease.  In  the  normal  healthy  stomach  the  hydrochloric  acid 
of  the  gastric  secretions  may  destroy  the  spirilla;  and,  finally,  the 
normal  vital  resistance  of  the  tissue  cells  to  the  action  of  the  diolera 
poison  may  be  taken  into  consideration.  According  to  the  greater 
or  less  power  of  this  vital  resistance  of  the  body  the  same  infectious 
matter  may  give  rise  to  no  disturbance  whatever,  a  slight  diarrhoea, 
or  it  may  lead  to  serious  results.  Furthermore,  it  may  be  accepted 
as  an  established  fact,  that  recovery  from  one  attack  of  cholera  pro- 
duces personal  immunity  to  a  second  attack  for  a  considerable  length 
of  time.  This  does  not  appear  to  depend  upon  the  severity  of  the 
attack;  for  cases  are  recorded  of  persons  who  were  apparently  not 
sick  at  all,  and  yet  in  whom  an  acquired  immunity  was  produced. 
How  long  this  immunity  lasts  is  not  positively  known,  but  probably 
for  a  month  or  more,  so  that  the  same  person  is  not  likely  to  be  taken 
ill  again  with  cholera  during  an  epidemic. 

On  the  other  hand,  we  may  take  it  for  granted  that  susceptibility 
to  cholera  may  be  acquired  or  increased.  For  instance,  there  is  no 
doubt  that  gastric  and  intestinal  disorders  produced  by  overeating, 
etc.,  may  act  as  contributing  causes  to  the  disease.  Other  predis- 
posing causes  are  general  debility  from  poverty,  hunger,  disease,  etc. 

Flies  which  have  fed  or  lighted  on  the  discharges  of  cholera  pa- 
tients or  on  things  contaminated  by  them  have  been  found  to  carry 
the  organisms  not  only  on  their  feet,  but  also  in  their  bodies  for  at 
least  twenty-four  hours.  Food  contaminated  by  flies  is  therefore  a 
possible  source  of  infection.  Those  caring  for  the  sick  or  their  soiled 
linen  are  liable  to  infection.  Even  vegetables  such  as  lettuce  may 
be  contaminated  by  infected  water.  Cholera  as  a  rule  starts  from 
Asia,  travels  to  Europe  and  is  carried  by  vessels  to  America. 

Cholera  Toxins. — Koch  was  the  first  to  assume,  as  the  result  of 
his  investigations,  that  the  severe  symptoms  of  the  algid  stage  of 
cholera  ^were  due  to  the  effects  of  a  toxin  produced  by  the  growth  of 
the  comma  bacillus  in  the  intestines. 

In  1892  Pfeiffer  published  an  account  of  his  elaborate  researches 
relating  to  the  cholera  poison.  He  found  that  recent  aerobic  cul- 
tures of  the  cholera  spirillum  contain  a  specific  toxic  substance  which 
is  fatal  to  guinea-pigs  in  extremely  small  doses.  There  is  extreme 
collapse,  with  subnormal  temperature.  This  substance  stands  in 
close  relation  with  the  bacterial  cells,  and  is  perhaps  an  integral 
part  of  them.  The  filtrate  of  a  recent  cholera  culture  contains 
usually  only  moderate  amounts  of  toxic  substances.  The  spirilla 
may  be  killed  by  chloroform,  thymol,  or  by  desiccation,  without  ap- 
parent injury  to  the  toxic  power  of  this  substance,  but  subjected  to 
60®  C.  some  of  the  toxins  are  destroyed.  Metchnikoff,  Roux  and 
others  have  shown  that  living,  highly  virulent  cultures  produce  at 
times  highly  poisonous  toxins,  the  0.2  c.c.  of  filtrate  of  a  three  to 
four  day  culture  killing  100  grams  of  guinea-pig.  The  living  culture 
29 
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in  2  to  4  c.a  of  nutrient  bouillon  contained  in  collodion  sacs,  when 
placed  in  the  peritoneal  cavity, of  guinea-pigs,  produced  symptoms  of 
poisoning  and  death  in  a  few  days.  Sacs  containing  the  dead  vibrios 
produced  little  effect  There  appears  to  be,  therefore,  considerable 
difference  between  the  intracellular  and  the  soluble  extracellular 
toxins. 

Cholera  Tmmimlty  and  Bacteriolysins. — ^Koch  found  in  his  ani- 
mal experiments  that  recovery  from  an  intraperitoneal  infection 
with  small  doses  of  living  cholera  vibrios  produced  a  certain  im- 
munity against  larger  doses,  though  the  animals  inoculated  were 
not  very  much  more  resistant  to  the  cholera  poison  than  they  were 
originally.  In  1892  Lazarus  observed  that  the  blood  serum  of  per- 
sons who  had  recently  recovered  from  an  attack  of  diolera  possessed 
the  power  of  preventing  the  development  in  guinea-pigs  of  diolera 
bacilli,  which  in  these  animals  are  rapidly  fatal  when  injected  in- 
traperitoneally,  while  the  serum  of  healthy  individuals  had  no  such 
effect  This  specific  change  in  the  blood  is  observed  to  take  place 
from  eight  to  ten  days  after  the  termination  of  an  attack  of  cholera, 
and  reaches  its  maximum  during  the  fourth  week  of  convalescence, 
after  which  it  decjines  rapidly  and  disappears  entirely  in  about  two 
.or  three  months.  Similar  antitoxic  or  bactericidal  substances  de- 
velop in  the  serum  of  guinea-pigs,  rabbits,  and  goats,  when  these 
animals  are  immunized  artificially  against  cholera  by  subcutaneous 
or  intraperitoneal  injections  of  living  or  dead  cultures.  These 
specific  substances  present  in  the  blood  of  cholera-immune  men  and 
animals  act  only  upon  organisms  similar  to  those  with  which  they 
were  infected ;  but,  as  Pf eiffer  showed,  this  specific  relation,  which  is 
found  to  exist  between  the  antibacterial  and  protective  substances 
produced  during  immunization  and  the  bacteria  employed  to  immun- 
ize the  animals,  is  not  confined  to  cholera.  The  discovery,  moreover, 
of  this  specific  reaction  of  the  blood  serum  of  immunized  man  and 
animals  when  brought  in  contact  with  the  spirilla,  has  given  us  an 
apparently  reliable  means  of  distinguishing  the  cholera  from  all 
other  vibrios,  and.  the  disease  cholera  from  other  similar  affections, 
both  of  which  have  proved  to  be  of  great  value,  particularly  in  ob- 
scure or  doubtful  cases,  in  which  heretofore  the  only  method  of  dif- 
ferential diagnosis  available — ^viz.,  by  cultural  test& — ^was  often  un- 
satisfactory. 

Anticholera  InoculationB. — ^Within  the  last  ten  years  Haffkine,  in 
India,  has  succeeded  in  producing  an  artificial  immunity  against 
cholera  infection  by  means  of  subcutaneous  injections  of  diolera  cul- 
tures. Two  or  three  injections  are  necessary  to  give  the  greatest 
amount  of  protection.  Animals  treated  by  this  method  are  refrac- 
tory to  intraperitoneal  inoculations,  but  not  to  intestinal  injections 
or  feeding  by  Koch's  method.  In  the  intestines  the  bacteria  seem 
to  be  outside  the  influence  of  the  bactericidal  properties  of  the  blood, 
and  the  absorption  of  toxins  is  too  great  to  be  neutralized  by  the 
small  amount  of  antitoxin.     In  over  200,000  persons  whom  he  has 
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inoculated  the  results  obtained  would  undoubtedly  seem  to  show  a 
distinct  protective  influence  in  the  preventive  inoculations.  Great, 
care  must  be  taken  that  the  vaccine  is  sterile.  Through  lack  of  care 
a  number  of  cases  of  tetanus  were  caused  by  a  contaminated  vaccine. 
The  injections  produced  local  swelling  and  a  short  rise  of  tempera- 
ture with  possibly  headache. 

Semin  Therapy. — Up  to  the  present  no  successful  results  have 
been  reported.  The  outlook  is  also  not  very  hopeful.  A  bactericidal 
serum  can  be  developed  but  this  has  not  saved  animals  showing  toxic 
symptoms. 

Agglntinins. — ^Five  to  ten  days  after  infection  (natural  or  experi- 
mental) agglutinins  appear  in  the  blood  of  man  or  animal.  These 
are  at  least  in  part  specific.  Their  presence  in  the  blood  is  of  diag- 
nostic importanca  When  present  in  great  amount  such  agglutinins 
can  be  used  for  identifying  doubtful  spirilla.  In  their  agglutina- 
tion with  a  specific  serum  they  are  also  alike.  Some  cultures  ag- 
glutinate with  more  difficulty  than  others,  so  that  the  same  serum 
may  agglutinate  different  cultures  in  dilutions  varying  from  1 :  1000 
up  to  1 :  10,000.  Such  a  serum  would  not  agglutinate  cholera-like 
spirilla  above  a  1:50  dilution.  Especially  among  isolated  cases  of 
cholera-like  diseases  spirilla  are  met  with  which  do  not  agree  in  ag- 
glutination characteristics. 

VariatioxiB  of  the  Cholera  Spirillum. — ^From  the  great  majority  of 
all  cases  of  epidemic  cholera  examined,  cholera  spirilla  agreeing  in 
all  essential  characteristics  have  been  obtained,  usually  in  great 
numbers  and  often  in  almost  pure  culture. 

Biological  Diagnosis  of  the  Oholera  Vibrio.  Plan  of  Procedure. 
— A.  Dejecta  (fluid)  or  intestinal  contents  of  a  cholera  patient  or 
cholera  suspect 

1.  Use  one  drop  (one  platinimi  loop)  for  gelatin-plate  cultures, 
making  two  dilutions.  Do  this  in  duplicate  or  triplicate.  Culti- 
vate at  22^  C. 

2.  Inoculate  a  couple  of  bouillon  tubes  and  a  couple  of  Dunham's 
1  per  cent  peptone  solution  with  one  drop  each,  and  place  them  in 
the  incubator  (37°  to  38°  C.)  for  six  to  eight  hours. 

3.  Examine  a  drop  of  the  dejecta  in  a  hanging  drop. 

4.  Examine  a  drop  of  the  dejecta  in  stained  cover-glass  prepara- 
tion.* 

5.  Make  gelatin  plates  from  one  drop  taken  from  the  surface  of 
eadi  of  the  bouillon  and  peptone  solution  tubes  and  cultivate  at 
22°  C. 

^  These  direct  microscopic  examinations  of  the  intestinal  contents  are,  as  a  rule, 
very  unsatisfactory,  at  least  in  those  in  which  the  symptoms  are  not  marked.  In 
a  few  the  spirals  will  make  up  from  50  to  100  per  cent,  of  the  bacteria  present. 
In  most  of  the  cases  during  the  last  epidemic  in  New  York  Dunham  found  abund- 
ance of  columnar  epithelium  from  the  intestinal  mucous  membrane,  numerous 
straight,  thick  bacilli,  and  only  a  few  curved  bacilli  or  segments  of  spirals — too 
few  to  identify.  Plate  cultures  from  these  showed  from  20  to  80  per  cent,  of  all 
the  colonies  developing  to  be  cholera  spirilla. 
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6.  As  soon  as  the  plates  (see  1  and  5)  are  sufficiently  developed 
(thirty-six  to  forty-eight  hours)  fish  the  suspected  cholera  colonies 
and  use  the  material  for  the  following  procedures : 

7.  Inoculate  six  or  eight  peptone  tubes  (1  per  cent  peptone  and 
0.5  per  cent  NaCl  in  distilled  water)  and  place  them  at  once  in  the 
incubator.     Ifote  tiie  time. 

8.  Examine  hanging  drop  for  form,  size,  and  motility  (and  ar- 
rangement). 

9.  Make  stained  cover-glass  preparations  and  examine. 

10.  Then  try  indol  reaction  with  the  same  tubes. 

11.  While  these  tubes  are  incubating  use  material  from  the  sus- 
pected colonies  on  the  plates  (1  and  5)  for  hanging-drop  cultures. 

12.  Meanwhile  make  stained  oover-glass  preparations  from  other 
colonies  of  suspected  cholera  on  the  plates  (1  and  5). 

13.  Make  gelatin-tube  cultures  from  colonies  on  plates  (1  and  5) 
and  study  cultures  daily  for  five  or  six  days,  to  observe  the  shape  of 
growth  along  the  line  of  puncture. 

B.    Suspected  water. 

Add  to  500  ac.  or  1  litre  of  the  water  to  be  examined  enough 
peptone-salt  solution  (20  per  cent  peptone  and  10  per  cent  NaCl) 
to  make  a  1  per  cent  solution  of  peptone.     Then  proceed  as  in  i4. 

Specific  Serum  Beactions. — All  authors  now  agree  that  the  differ- 
entiation of  the  cholera  vibrio  from  other  similar  vibrios  cannot 
always  be  made  by  the  cultural  method,  nor  is  the  usual  inoculation 
of  animals  sufficient  For  this  purpose  serum  is  employed  either  by 
making  intraperitoneal  injections  of  a  surely  fatal  dose  of  the  sus- 
pected spirillum  along  with  the  serum  of  animals  immunized  to 
undoubted  cholera  cultures,  so  as  to  note  whether  specific  protection 
is  afforded,  or  the  agglutination  test  is  carried  out  in  such  a  way  as  to 
determine  if  specific  agglutination  of  the  spirilla  occurs. 

SPntlLLA  MOBE  OB  LESS  ALLIED  TO  THE  GHOLEBA  SPnULLUM. 

The  examinations  of  the  stools  of  persons  suffering  from  cholera 
have  revealed,  in  a  small  percentage  of  cases,  spirilla  resembling 
either  very  closely  or  having  a  fair  degree  of  similarity  to  Ihe  true 
cholera  organisms.  Further,  in  a  small  percentage  of  oases  having 
choleraic  symptoms  no  true  cholera  vibrios  have  been  found,  but  in- 
stead other  spirilla  resembling  them  more  or  less  closely. 

These  may  differ  in  having  two  or  more  end  flagella,  in  size,  in 
production  of  nitrites,  etc.,  or  they  may  be  identical  in  the  tests 
commonly  employed.  They  all  differ  in  the  specific  agglutination 
and  bacteriolytic  tests  from  the  cholera  spirilla  and  among  them- 
selves. 

In  a  recent  epidemic  in  Egypt,  Gottschlich  obtained  from  sixteen 
cases  spirilla  differing  from  tiie  true  spirilla,  and  found  every  one 
distinct  in  some  characteristic  from  all  others.  Some  were  patho- 
genic for  pigeons,  through  inoculation  of  a  small  quantity  into  the 
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breast  muscle ;  others  were  atypical  in  their  development  in  nutrient 
gelatin.  None  of  these  micro-organisms  injected  into  animals  in- 
duced production  of  agglutinins  for  the  true  cholera  spirilla. 

KoUe  and  Grottschlich  consider  these  various  spirilla  found  by 
them  in  Egypt  as  well  as  others  found  by  different  investigators  in 
India,  Germany,  and  elsewhere  to  be  saprophytes.  It  is  more 
probable,  in  the  writer's  opinion,  that  some  of  them  must  be  con- 
sidered as  bearing  a  part  in  exciting  a  cholera-like  disease,  but  that 
they  are  not  very  pathogenic  and  require  very  favorable  conditions, 
probably  long  continued,  before  they  can  exert  their  action. 

Some  special  varieties  of  spirilla  resembling  those  of  cholera  have 
received  especial  attention  on  account  of  having  been  obtained  before 
it  was  known  that  so  many  cholera-like  vibrios  existed.  The  vibrio 
Berolinensis,  cultivated  by  Niesser  from  Berlin  sewage-water;  the 
vibrio  Danubicus,  cultivated  by  Hausser  from  canal-water,  and  the 
vibrio  of  Massowah,  cultivated  by  Pasquale  from  a  case  during  an 
epidemic  of  cholera,  all  are  negative  to  the  specific  serum  reactions, 
and  differ  in  the  number  of  terminal  flagella  or  in  other  character- 
istics. Cunningham  found  a  number  of  such  spirilla  in  cases  of 
apparently  true  cholera  in  India.  Some  of  these  may  have  been 
true  cholera  spirilla  and  others  may  have  had  some  relationship  to 
the  disease  in  the  person  from  which  they  were  derived. 

Spirillum  of  Finkler  and  Prior. — Because  of  their  prominence  in 
literature  and  their  frequent  use  in  teaching,  the  spirillum  of  Finkler 
and  Prior,  that  of  Metchnikoff,  and  that  of  Deneke  are  of  consider- 
able interest 

Finkler  and  Prior,  in  1884,  obtained  from  the  fseces  of  patients 
with  cholera  nostras,  after  allowing  the  dejecta  to  stand  for  some 
days,  a  spirillum  which  is  of  inter- 
est mainly  because  it  simulates  the 
comma  bacillus  of  Koch,  but  differs 
from  it  in  several  cultural  peculiari- 
ties. 

Morphology.  —  Somewhat  longer 
and  thicker  than  the  spirillum  of 
Asiatic  cholera  and  not  so  uniform 
in  diameter,  the  central  portion 
being  usually  wider  than  the  pointed 
ends. 

Biology. — An  aerobic  and  facul- 
tative anaerobic,  liquefying  spiril- 
lum. Does  not  form  spores.  Upon 
gelatin  plates  small,  white,  puncti- 
form  colonies  are  developed  at  the 
end  of  twenty-four  hours.     These 

are  round,  but  less  coarsely  granular,  darker  in  color,  and  with 
a  more  sharply  defined  border  than  the  comma  bacillus.  Liquefac- 
tion of  the  gelatin  around  these  colonies  progresses  rapidly,  and  at 
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the  end  of  forty-eight  hours  is  usually  complete  in  plates  where  they 
are  numerous.  In  gelatirirstick  cultvres  liquefaction  progresses 
much  more  rapidly  than  in  similar  cultures  of  the  cholera  spirillum, 
and  a  stocking-shaped  pouch  of  liquefied  gelatin,  already  seen  after 
forty-eight  hours,  is  filled  with  a  doudy  liquid.  The  liquefaction 
increases,  and  in  twenty-four  hours  more  reaches  the  sides  of  the 
tube  in  the  upper  pert  of  the  mediimi ;  by  the  end  of  the  week  the 
gelatin  is  usually  completely  liquefied.  Upon  the  surface  of  the 
liquefied  medium  a  whitish  film  is  seen.  Upon  agar  there  is  a 
somewhat  more  luxuriant  growth  than  is  seen  with  the  cholera  vibrio. 
Upon  potato  this  spirillum  grows  at  room  temperature  and  produces 
a  slimy,  grayish-yellow,  glistening  layer  which  soon  extends  over  the 
entire  surface.  The  cholera  spirillum  does  not  grow  at  room  tem- 
perature, and  in  the  incubator  produces  a  thin,  brownish  layer.  The 
absence  of  agglutination  with  a  suitable  dilution  of  the  serum  of  an 
animal  immunized  to  the  cholera  spirillum  is  a  valuable  differential 
sign. 

In  1884  Miller  observed  a  curved  bacillus  in  a  hollow  tooth,  which 
from  its  behavior  in  microscopic  preparations,  in  cultures,  and  ani- 
mal experiments,  is  probably  identical  with  the  Finkler  and  Prior 
spirillum.     Very  similar  spirilla  have  been  found  by  others. 

Spirillum  of  Hetchmkoff. — ^Discovered  in  1888,  in  Odessa,  by 
Gamaleia  in  the  intestinal  contents  of  fowls  dying  of  an  infectious 
disease,  which  prevails  in  certain  parts  of  Russia  during  the  summer 
months,  and  which  presents  symptoms  resembling  fowl  cholera. 
Gamalei'a's  experiments  show  that  this  organism  is  the  cause 
of  the  disease  mentioned.  It  has  since  been  found  by  Pfuhl  and 
Pfeiffer  in  the  water  of  the  Spree  at  Berlin,  and  in  the  Lahn  by 
Kutchler. 

Morphology. — Morphologically  this  spirillum  is  almost  identical 
with  the  cholera  spirillum.  In  the  blood  of  inoculated  pigeons  the 
diameter  is  sometimes  twice  as  great  as  that  of  the  diolera  spirillum, 
and  almost  coccus-like  forms  are  often  found.  A  single,  long,  un- 
dulating flagellum  is  attached  to  one  end  of  the  spiral  filaments  or 
curved  rods. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Cultural  Characters. — Ui)on  gelatin  plates  the  vibrio  Metdmikoff 
grows  considerably  faster  than  the  cholera  vibrio;  small,  white, 
punctiform  colonies  are  developed  at  the  end  of  twelve  hours ;  these 
rapidly  increase  in  size  and  cause  liquefaction  of  the  gelatin  within 
twenty-four  to  thirty  hours.  At  the  end  of  three  days  large,  sancer- 
like  areas  of  liquefaction  may  be  seen,  the  contents  of  which  are 
turbid,  as  a  rule.  In  gelatin-stick  cvltvres  the  growth  is  almost 
twice  as  rapid  as  the  cholera  bacillus.  In  bouillon  at  37^  C.  de- 
velopment is  very  rapid,  and  the  liquid  becomes  clouded  and  opaque, 
and  a  thin,  wrinkled  film  forms  upon  the  surface.  On  the  addition 
of  pure  sulphuric  acid  to  twenty-four  hour  peptone  cultures  a  dis- 
tinct nitrosoindol  reaction  is  produced.     Milk  is  coagulated  and  ac- 
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quires  a  strongly  acid  reaction.  The  spirillum  is  not  agglutinated 
by  the  specific  cholera  agglutinin. 

Pathogenesis. — The  vibrio  of  Metchnikoff  is  pathogenic  for  fowls, 
pigeons,  and  guinea-pigs.  A  small  quantity  of  a  virulent  culture 
fed  to  chickens  and  pigeons  causes  their  death  with  the  local  and 
general  symptoms  of  fowl  cholera.  At  the  autopsy  the  most  con- 
stant appearance  is  hypersemia  of  the  entire  alimentary  canal.  A 
grayish-yellow  liquid,  more  or  less  mixed  with  blood,  is  found  in 
considerable  quantity  in  the  small  intestine.  In  the  watery  fluid 
large  numbers  of  spirilla  are  found.  A  few  drops  of  a  pure  culture 
inoculated  subcutaneously  in  pigeons  produce  septiccemia  and  cause 
their  death  in  twelve  to  twenty-four  hours. 

In  contradistinction  to  the  pathogenic  virulence  of  these  spirilla 
for  pigeons  and  guinea-pigs,  the  cholera  spirillum  is  mudi  less  patho- 
genic. Pigeons  are  not  killed  by  the  intramuscular  inoculation  of 
pure  fresh  cultures  of  the  vibrio  cholera.  The  pathogenic  action  of 
the  vibrio  Metchnikoff  upon  pigeons  and  guinea-pigs,  producing  in 
these  animals  general  septicaemia  and  death,  is,  therefore,  a  (iar- 
acteristic  point  of  difference  between  this  and  the  spirillum  of  Asiatic 
cholera. 

Within  recent  years  numerous  other  somewhat  similar  spirilla,  the 
so-called  "water  vibrios,**  have  been  found  while  looking  for  the 
cholera  spirillum. 


CHAPTER  XXXIII. 
GLANDERS  BACILLUS  .(BACILLUS  MALLEI). 

This  bacillus  was  discovered  and  proved  to  be  the  cause  of  gland- 
ers^ by  isolation  in  pure  culture  and  inoculation  into  animals,  by- 
several  bacteriologists  almost  at  the  same  time. (1882).  The  bacilli 
were  first  obtained  in  impure  cultures  by  Boudiard,  Capitan,  and 
Charrin,  and  first  accurately  studied  in  pure  culture  by  Loeffler  and 
Schiitz.  They  are  present  in  the  recent  nodules  in  animals  affected 
with  glanders,  and  in  the  discharge  from  the  nostrils,  pus  from  the 
specific  ulcers,  etc.,  and  occasionally  in  tho  blood. 

Morphology. — Small  ba,cilli  with  rounded  or  pointed  ends,  from 
nutrient  agar  cultures,  0.25/*  to  0.5/*  broad  and  from  1.5/*  to  5/4.  long; 
usually  single,  but  sometimes  united  in  pairs,  or  growing  out  to  long 
filaments,  especially  in  potato  cultures.  The  bacilli  frequently 
break  up  into  short,  ajmost  coccus-like  elements  (Fig.  134). 

Staining. — The  bacillus  mallei  stains  with  difficulty  with  the  ani- 
line colors,  best  when  the  aqueous  solutions  of  these  dyes  are  made 
feebly  alkaline;  it  is  decolorized  by  Gram's  method.  This  bacillus 
presents  the  peculiarity  of  losing  very  quickly  in  decolorizing  solu- 
tions the  color  imparted  to  it  by  the  aniline-staining  solutions.  For 
this  reason  it  is  difficult  to  stain  in  sections.  Loeffler  recommends 
his  alkaline  methylene-blue  solution  for  staining  sections,  and  for 
decolorizing  a  mixture  containing  10  c.c.  of  distilled  water,  2  drops 
of  strong  suljAuric  acid,  and  1  drop  of  a  5  per  cent,  solution  of 
oxalic  acid;  thin  sections  to  be  left  in  this  acid  solution  for  five 
seconds. 

Biology.— An  aerobic,  non-motile  bacillus,  whose  molecular  move- 
ments are  so  active  that  they  have  often  been  taken  for  motility.  It 
grows  on  various  culture  media  at  37°  C.  Development  takes  place 
slowly  at'  22°  C.  and  ceases  at  43°  C.  The  bacillus  does  not  form 
spores.  Exposure  for  ten  minutes  to  a  temperature  of  55°  C,  or  for 
five  mitiutes  to  a  3  to  5  per  cent  solution  of  carbolic  acid,  or  for  two 
minute  to  a  1 :  5000  solution  of  mercuric  chloride,  destroys  its  vital- 
ity. As  a  rule,  the  bacilli  do  not  grow  after  having  been  pre- 
served in  a  desiccated  condition  for  a  week  or  two;  in  distilled 
water  they  are  also  quickly  destroyed.  It  is  doubtful  whether  the 
glanders  bacillus  finds  conditions  in  nature  favorable  to  a  saprophytic 
existence. 

Cultivation. — (For  obtaining  pure  cultures  see  page  443.) — It 
grows  well  in  the  incubating  oven  on  glycerin  agar.  Upon  this 
medium  at  the  end  of  twenty-four  to  forty-eight  hours,  whitidi, 
transparent  colonies  are  developed,  which  in  six  or  seven  days  may 
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attain  a  diameter  of  7  or  8  mm.  On  blood  serum  a  moist,  opaque, 
slimy  layer  develops,  which  is  of  a  yellowish-brown  tinge.  The 
growth  on  cooked  potato  is  especially  characteristic.  At  the  end  of 
twenty-four  to  thirty-six  hours  at  37°  C.  a  moist,  yellow,  transparent 
layer  develops;  this  later  becomes  deeper  in  color,  and  finally  takes 
on  a  reddish-brown  color,  while  the  potato  about  it  acquires  a  green- 
ish-yellow tint.  In  bouUlon  the  bacillus  causes  diffuse  clouding, 
ultimately  with  the  formation  of  a  more  or  less  ropy,  tenacious  sedi- 
ment It  grows  on  media  possessing  a  slightly  acid  reaction,  and 
both  with  and  without  oxygen.  MUk  is  coagulated  with  the  pro- 
duction of  acid. 

Pathogenesis. — The  bacillus  of  glanders  is  pathogenic  for  a  num- 
ber of  animals.  Among  those  which  are  most  susceptible  are  horses, 
asses,  guinea-pigs,  cats,  dogs,  ferrets,  moles,  and  field  mice;  sheep, 
goats,  swine,  rabbits,  white  mice,  and  house  mice  are  much  less  sus- 
ceptible; cattle  are  immune.  Man  is  susceptible,  and  infection  not 
infrequently  terminates  fatally. 

When  pure  cultures  of  BacU-  fio.  i34 

lus  mallei  are  injected  into  horses 
or  other  susceptible  animals  true 
glanders  is  produced.  The  dis- 
ease is  characterized  in  the  horse 
by  the  formation  of  ulcers  upon 
the  nasal  mucous  membrane, 
which  have  irregular,  thickened 
margins,  and  secrete  a  thin,  viru- 
lent mucus;  the  submaxillary 
lymphatic  glands  become  enlarged 
and  form  a  timior  which  is  often 
lobulated ;  other  lymphatic  glands 
become  inflamed,  and  some  of 
them  suppurate  and  open  exter- 
nally, leaving  deep,  open  ulcers; 
the  lungs  are  also  involved,  and 
the  breathing  becomes  rapid  and 
irregular.  In  farcy,  which  is 
disease,    circumscribed    swellings, 

to  a  hazel-nut,  appear  on  different  parts  of  the  body,  espe- 
cially where  the  skin  is  thinnest;  these  suppurate  and  leave 
angry-looking  ulcers  with  ragged  edges,  from  which  there  is  an 
abundant  purulent  discharge.  The  bacillus  of  glanders  can  eas- 
ily be  obtained  in  pure  cultures  from  the  interior  of  suppurating 
nodules  and  glands  which  have  not  yet  opened  to  the  surface,  and 
the  same  material  will  give  successful  results  when  inoculated  into 
susceptible  animals.  The  discharge  from  the  nostrils  or  from  an 
open  ulcer  may  contain  comparatively  few  bacilli,  and  these  being 
associated  with  other  bacteria  which  grow  more  readily  on  the  cul- 
ture media  than  the  bacillus  mallei,  make  it  difficult  to  obtain  pure 
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cultures  from  such  material   by  the    plate  method.     In  that  case, 
however,  guinea-pig  inoculations  are  useful. 

Of  test  animals  guinea-pigs  and  field  mice  are  the  most  susceptible. 
In  guinea-pigs  subcutaneous  injections  are  followed  in  four  or  five 
days  by  swelling  at  the  point  of  inoculation,  and  a  tumor  with  case- 
ous contents  soon  develops;  then  ulceration  of  the  skin  takes  place, 
and  a  chronic  purulent  ulcer  is  formed.  The  essential  lesion  is  the 
granulomatous  tumor,  characterized  by  the  presence  of  numerous 
lymphoid  and  epithelioid  cells,  among  and  in  which  are  seen  the 
glanders  bacilli.  The  lymphatic  glands  become  inflamed  and  gen- 
eral symptoms  of  infection  are  developed  in  from  two  to  four  weeks ; 
the  glands  suppurate  and  in  males  the  testicles  are  involved ;  finally 
purulent  inflammation  of  the  joints  occur,  and  death  ensues  from 
exhaustion.  The  formation  of  the  specific  ulcers  upon  the  nasal 
mucous  membrane,  which  characterizes  the  disease  in  the  horse,  is 
rarely  seen  when  guinea-pigs  are  inoculated.  In  these  the  process 
is  often  prolonged,  or  remains  localized  on  the  skin.  They  suc- 
cumb more  rapidly  to  intraperitoneal  injection,  usually  in  from 
eight  to  ten  days,  and  in  males  the  testicles  are  invariably  affected. 

Mode  of  Spread. — Qlanders  occurs  as  a  natural  infection  only  in 
horses  and  asses ;  the  disease  is  occasionally  communicated  to  man  by 
contact  with  affected  animals,  usually  by  inoculation  on  an  abraded 
surface  of  the  skin.  The  contagion  may  also  be  received  on  the 
mucous  membrana  Infection  has  sometimes  been  produced  in  bac- 
teriological laboratories.  In  man,  an  acute  and  chronic  form  of 
glanders  may  be  recognized,  and  an  acute  and  chronic  form  of  farcy. 
The  disease  is  fatal  in  about  60  per  cent  of  the  cases.  It  is  trans- 
missible also  from  man  to  man.  Washerwomen  have  been  infected 
from  the  clothes  of  a  patient.  The  infective  material  exists  in  the 
secretions  of  the  nose,  in  the  pus  of  glanders  nodules,  and  frequently 
in  the  blood ;  it  may  occasionally  be  found  in  the  secretions  of  glands 
not  yet  affected,  as  in  the  urine,  milk,  and  saliva,  and  also  in  the 
foetus  of  diseased  animals  (Bonome).  From  recent  observations  it 
appears  that  glanders  is  by  no  means  an  uncommon  disease  among 
horses,  particularly  in  southern  countries,  sometimes  taking  a  mild 
course  and  remaining  latent  for  a  considerable  time.  Horses  ap- 
parently healthy,  therefore,  may  possibly  spread  the  disease. 

Attenuation  of  virulence  occurs  in  cultures  which  have  been  kept 
for  some  time,  and  inoculations  with  such  cultures  may  give  a  nega- 
tive result,  or,  when  considerable  quantities  are  injected,  may  pro- 
duce a  fatal  result  at  a  later  date  than  is  usual  when  small  amounts  of 
a  recent  culture  are  injected. 

Immunity. — ^Attempts  have  been  made  to  produce  artificial  immu- 
nity against  glanders,  but  so  far  with  unsatisfactory  results.  Ac- 
cording to  Strauss,  by  intravenous  inoculations  of  small  quantities 
of  living  bacilli,  dogs  may  be  protected  against  an  injection  of  quan- 
tities which  usually  kill  them.  Fenger  has  found  that  animals 
inoculated  with  glanders  bacilli  react  less  powerfully  to  fresh  in- 
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jections;  and  that  rabbits  which  have  recovered  from  an  injection 
of  glanders  are  subsequently  immune,  the  immunity  lasting  for 
from  three  to  six  weeks.  Ladowski  has  obtained  positive  results 
also  in  rabbits  and  cats  by  intravenous  injections  of  sterilized  cul- 
tures. Other  observers  have  reported  not  only  the  production  of 
immunity,  but  also  cures,  by  the  use  of  mailein.  This  is  prepared 
in  the  same  way  as  tuberculin.  It  consists  of  the  glyoerinated 
bouillon  in  which  the  glanders  bacilli  have  grown  and  which  con- 
tains the  products  of  their  growth  and  activity.  Concentrated  mal- 
lein  is  produced  by  evaporating  a  six-weeks-old  culture  of  the  gland- 
ers bacillus  in  5  per  cent,  glycerin  nutrient  veal  bouillon  to  10  per 
cent,  of  its  original  bulk.  Some  evaporate  the  culture  fluid  only  to 
50  per  cent  The  dose  is  about  0.5  c.c.  of  the  former,  or  2^  c.c.  of 
the  second  preparation. 

Use  of  Ouinea-pigs  and  Onltures  in  Diagnosis. — ^It  is  often  diffi- 
cult to  demonstrate  microscopically  the  presence  of  the  bacillus  of 
glanders  in  the  nodules  which  have  undergone  purulent  degenera- 
tion, in  the  secretions  from  the  nostrils,  or  in  the  pus  from  the  specific 
ulcers  and  suppurating  glands.  It  is  then  necessary  to  make  im- 
mediate cultures  and  also  animal  tests  of  these  discharges  by  inocu- 
lating susceptible  animals,  as  guinea-pigs  and  mice,  and  then'  from 
these  to  obtain  a  pure  culture ;  but  this  requires  time,  and  in  clinical 
work  it  is  of  great  importance  for  the  diagnosis  to  be  established  as 
quickly  as  possible.  With  this  view  Strauss  has  prepared  a  method 
which  is  prompt  and  which  has  given  very  satisfactory  results.  This 
consists  in  introducing  into  the  peritoneal  cavity  of  a  male  guinea- 
pig  some  material  or  a  culture  from  the  suspected  products.  If  it  be 
a  case  of  glanders,  the  diagnosis  may  usually  be  made  within  two 
to  five  days  from  the  tumefaction  of  the  testicles,  which  become 
swollen,  and  show  evidences  of  pus  formation.  One  objection  to 
this  method,  however,  is  that  occasionally  from  the  injection  of  im- 
pure material,  as  in  the  nasal  secretion,  the  animal  may  die  of  septi- 
cromia;  but  if  pure  matter  can  be  obtained,  as  from  the  lymphatic 
glands  of  the  horse,  this  method  is  generally  satisfactory.  Sometimes 
the  reaction  is  delayed  or  develops  only  to  a  moderate  extent.  Fur- 
ther tests  must  then  be  carried  out. 

Diagnostic  Use  of  Mallein. — The  diagnosis  of  glanders  in  horses, 
in  which  the  usual  symptoms  of  the  disease  have  not  yet  manifested 
themselves,  or  in  which  it  is  suspected,  may  often  be  made  by  the 
use  of  mallein.  Following  an  injection  of  mallein  in  a  glanderous 
horse  (best  made  about  midnight)  there  .will  be  a  local  reaction,  and 
a  general  reaction  with  a  rise  of  temperature.  The  temperature 
usually  begins  to  rise  three  or  four  hours  after  the  injection,  and 
reaches  its  maximum  between  the  tenth  and  twelfth  hour.  Some- 
times, however,  the  highest  point  is  not  reached  until  fifteen  or 
eighteen  hours  after  the  injection.  This  elevation  of  temperature 
is  from  1.5"*  to  2°  C.  (2''  to  3.5*'  F.),  above  the  normal  mean  tem- 
perature.    In  a  healthy  animal  the  rise  of  temperature,  as  a  rule. 
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amounts  to  only  a  few  tenths  of  a  d^ree,  but  it  may  reach  1°  C. 
The  rise  of  temperature,  however,  should  be  considered  always  in 
connection  with  the  general  and  local  reactions.  In  a  glanderous 
animal,  after  an  injection  of  mallein,  the  general  condition  is  more  or 
less  profoundly  modified.  The  animal  has  a  dejected  appearance; 
the  countenance  is  pinched  and  anxious,  the  hair  is  rough,  the  flank 
is  retracted,  the  respirations  are  rapid,  there  are  often  rigors,  and 
the  appetite  is  gone.  In  healthy  animals  the  general  symptoms  do 
not  occur.  The  local  reaction  around  the  point  of  injection  in  a 
glanderous  animal  is  usually  very  marked.  A  few  hours  after  the 
injection  there  appears  a  large,  warm,  tense,  and  very  painful  swell- 
ing, and  running  from  this  will  be  seen  hot,  sensitive  lines  of  sin- 
uous lymphatics,  directed  toward  the  neighboring  lymphatic  nodes. 
This  oedema  increases  for  twenty-four  to  thirty-six  hours  and  per- 
sists for  several  days,  not  disappearing  entirely  for  eight  or  ten  days. 
In  healthy  animals,  at  the  point  of  injection,  mallein  produces  only 
a  small  (edematous  tumor,  and  the  oedema,  instead  of  increasing, 
diminishes  rapidly  and  disappears  within  twenty-four  hours.  "Hie 
value  of  this  test  has  been  demonstrated  by  numerous  experiments. 
There  are  some  exceptions  to  the  rule  as  described  above,  but  they 
are  infrequent,  and  mallein  has  been  used  with  considerable  success 
as  a  diagnostic  aid  in  detecting  the  existence  or  absence  of  glanders 
in  doubtful  or  obscure  cases. 

Agglutination  Test  for  Olanders. — The  test  may  be  carried  out 
according  to  the  macroscopic  or  microscopic  method. 

Collection  of  the  Blood. — In  obtaining  blood  from  horses  a  large 
sized  hypodermic  needle  which  has  been  sterilized  is  inserted  into 
the  jugular  vein  which  has  been  brought  into  view  by  pressing  the 
thumb  upon  it  from  below,  the  blood  is  allowed  to  flow  through  the 
needle  into  a  sterile  tube  or  flask,  8  to  10  cc.  being  sufficient 

In  the  case  of  human  beings  it  is  obtained  by  pricking  the  lobe  of 
the  ear  or  finger  and  collected  in  small  capillary  pipettes  sealed  at 
both  ends.     Care  must  be  taken  to  keep  the  blood  sterile. 

Macroscopic  Method. — The  procedure  of  Meissner  and  Schutz  with 
slight  modifications  is  as  follows :  A  forty-eight  hour  glycerin  agar 
culture  of  Bacillus  mallei  is  washed  off  with  normal  salt  solution,  to 
which  sufiicient  carbolic  acid  has  been  added  to  make  a  5  per  cent, 
solution.  This  is  incubated  for  two  hours  at  60°  C.  then  filtered 
and  enough  of  the  carbolized  normal  salt  solution  is  added  to  give  a 
slight  milky  appearance.  This  emulsion  will  keep  for  two  or  three 
weeks  in  the  ice-box. 

The  serum  is  then  made  up  into  the  required  dilutions,  such  as 
1 :  50,  1 :  100,  etc.  1  c.c.  of  each  dilution  is  pipetted  into  stoppered 
sterile  serum  tubes  and  an  equal  amount  of  the  emulsion  is  added 
to  each  tube.  The  tubes  are  incubated  at  37°  C.  for  twenty-four  to 
forty-eight  hours.     A  good  reaction. 

If  a  reaction  occurs  the  upper  part  of  the  fiuid  will  be  clear  and  a 
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fine  granular  sediment  will  be  found  at  the  bottom  or  fine  clumps 
clinging  to  the  sides  of  the  tube. 

Meissner  and  Schutz  use  a  culture  of  Bacillus  mallei  that  has  been 
recently  passed  through  a  guinea-pig,  claiming  that  it  agglutinates 
better  than  a  culture  grown  for  some  time  on  artificial  media.  This 
is  not  in  accordance  with  our  experience.  We  have  found  that  the 
more  recently  isolated  culture,  as  in  the  case  of  Bacillus  typhi  and 
Bacillus  dysentericB  shows  a  marked  diminution  in  agglutinability. 

The  Microscopic  or  Hanging  Drop  Method. — In  this  case  a  twenty- 
four  hour  glycerine  broth  culture  is  used  which  has  been  heated  to 
60°  C.  for  one  minute,  and  the  test  is  made  as  in  the  Widal  for 
typhoid.  The  cover-glasses  and  slides  must  be  sterilized  and  the 
hanging  drops  made  carefully  and  quickly  to  avoid  contamination. 
The  slides  are  left  at  room  temperature  or  at  22°  C.  for  eighteen  to 
twenty-four  hours  and  then  examined  microscopically. 

In  this  method  the  reaction  can  be  observed  earlier  than  in  the 
tubes,  that  is  as  soon  as  agglutination  occurs  and  it  is  not  necessary  to 
wait  for  precipitation  which  at  times  takes  place  slowly. 

The  microscopic  method  gives  a  higher  reading  than  the  macro- 
scopic method.  This  will  include  more  horses  which  are  doubtful, 
while  on  the  other  hand  horses  showing  other  symptoms  of  glanders 
will  sometimes  give  a  negative  paction  with  the  gross  method. 

The  limit  of  agglutination  of  the  normal  horse  is  1 :  500,  but  many 
apparently  healthy  horses  will  agglutinate  the  Bacillus  mallei  in 
dilutions  as  high  as  1 :  5000  and  1 :  10,000.  The  cause  of  this  has 
not  been  fully  decided.  Such  horses  should  be  subjected  to  the  mal- 
lein  test  from  time  to  time,  the  possibility  of  a  slight  infection 
which  may  manifest  itself  at  any  time  being  kept  in  view.  Very 
rarely  a  horse  in  the  last  stages  of  glanders  will  fail  to  give  a  reac- 
tion but  the  clinical  symptoms  will  be  well  defined  in  such  cases. 
So  far,  we  have  found  the  agglutination  reaction  valuable  as  a  guide 
to  the  use  of  mallein,  the  facility  with  whidi  it  can  be  carried  out 
admitting  of  the  testing  of  a  large  number  of  horses  suspected  of 
having  glanders  or  those  having  been  exposed  to  the  disease. 

In  human  cases  the  reaction  of  1:100  and  above  is  considered 
positive,  the  normal  blood  not  reacting  above  1 :50. 

In  very  acute  cases  that  run  their  course  in  a  few  days,  the  reac- 
tion may  be  entirely  absent. 


CHAPTER  XXXIV. 


THE  BACILLUS  OF  BUBONIC  PLAGUE— THE  BACILLUS  ICTERr- 
OIDES— THE  MICROCOCCUS  MELITENSIS. 

BACILLUS  OF  BUBONIC  PLAGUE  (BACILLUS  PESTIS  BUBONIOiE). 

Historically  we  can  trace  the  bubonic  plague  back  to  the  third 
century.  In  Justinian^s  reign  a  great  epidemic  spread  over  the 
Boman  empire  and  before  it  terminated  destroyed  in  many  portions 
of  the  country  nearly  50  per  cent  of  the  people.  The  fourteenth 
century  saw  the  whole  of  Europe  stricken.  Except  for  occasional 
cases  Europe  and  America  have  of  late  been  free,  but  in  India  the 
disease  has  recently  broken  out  in  all  its  horrors  so  that  at  the  pres- 
ent time  over  500,000  persons  die  annually  from  it  Among  the 
most  fatal  forms  of  infection  is  that  of  the  lungs.  Pneumonic  cases 
are  not  alone  very  serious,  but  they  readily  spread  the  infection. 
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Bacilli  from  agar  culture,     x  1100  diam. 
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The  bacillus  exciting  the  disease  was  discovered  simultaneously  by 
Kitasato  and  Yersin  (1894)  during  an  epidemic  of  the  bubonic 
plague  in  China.  It  is  found  in  lai^  numbers  in  the  seropurulent 
fluid  from  the  recent  buboes  characteristic  of  this  disease  and  in  the 
lymphatic  glands;  more  rarely  in  the  internal  organs  and  in  the 
blood,  in  which  it  occurs  in  acute  hemorrhagic  cases  and  shortly  be- 
fore death.  It  also  occurs  in  malignant  cases  in  the  faeces  of  men 
and  animals.  The  bacillus  is  closely  allied  to  the  hemonhagic 
septic8pmia  group. 
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Morphology. — The  bacilli  in  smears  from  acute  abscesses  or  in- 
fected tissues  are,  as  a  rule,  short,  thick  rods  with  rounded  ends. 
The  central  portion  of  the  bacillus  is  slightly  convex.  When  lightly 
stained  the  two  ends  are  more  colored  than  the  middle  portion.     The 
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Involution  forme  on  salt  agar.     (KoUe  and  Waasermann.) 

bacilli  are  mostly  single  or  in  pairs.  Bacilli  in  short  chains  occur 
at  times.  The  length  of  the  bacilli  varies,  but  on  the  average  is 
about  1.6/4.  (1.5/4.  to  1.7/*),  breadth  0.5/*  to  0.7/i.  Besides  the  usual 
oval  form  the  plague  bacillus  has  many  exceptional  variations  which 
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Baoilli  in  smear  from  acutely  inflamed  gland. 

are  characteristic  of  it  In  smears  especially  from  old  buboes  one 
looks  for  long  bacilli  with  clubbed  ends  (similar  to  involution  forms, 
Fig.  137),  yeastrlike  forms,  and  bladder  shapes.  Some  of  these 
stain  with  difficulty.  When  obtained  from  cultures  the  bacilli  pre- 
sent not  only  the  forms  already  mentioned,  but  also  long  chains. 
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Staining. — They  stain  readily  with  the  ordinary  aniline  dyes,  and 
especially  well  with  methylene-blue,  the  ends  being  usually  more 
deeply  colored  than  the  central  portion ;  they  do  not  stain  by  Gram's 
melhod. 

Biology. — An  aerobic,  non-motile  bacillus.  Grows  best  at  30®  to 
35°  C.  Does  not  form  spores.  Grows  on  the  usual  culture  media, 
which  should  have  a  sli^tly  alkaline  reaction.  Does  not  liquefy 
gelatin.  Grows  well  on  blood-serum  media.  It  grows  rapidly  on 
glycerin  agar,  forming  a  grayish-white  surface  growth.  The  bacilli 
appear,  as  a  rule,  as  short,  plump,  oval  bacilli,  but  a  few  present 
elongated  thread  forms  whidi  are  very  characteristic.  In  bouillon 
which  is  kept  still  a  very  characteristic  appearance  is  produced,  the 
culture  medium  remaining  clear  while  a  pellicle  forms  on  the  sur- 
face from  which  projections  sprout  downwards  (stalactite  forma- 
tion) towards  a  granular  or  grumous  deposit  which  forms  on  the 
walls  and  on  the  bottom  of  the  tube.  In  bouillon  and  most  fluid 
media  the  growth  is  in  the  form  of  short  or  medium  diains  of  very 
short,  oval  bacilli,  which  look  almost  like  streptococci. 

Pathogenesis. — This  bacillus  is  pathogenic  for  rats,  mice,  guinea- 
pigs,  monkeys,  rabbits,  flies,  and  other  insects,  which  usually  die 
within  two  or  three  days  after  inoculation.  Then  at  the  point  of 
inoculation  is  found  a  somewhat  hemorrhagic  infiltration  and  oedema, 
with  enlargements  of  the  neighboring  lymph  glands,  hemorrhages 
into  the  peritoneal  cavity,  and  parenchymatous  congestion  of  tfie 
organs.  The  spleen  sometimes  show  minute  nodules  resembling 
miliary  tubercles.  Microscopically  the  bacilli  are  found  in  all  the 
organs  and  in  the  blood.  The  disease  is  rapidly  communicated  from 
one  animal  to  another,  and  thus  its  extension  is  facilitated.  During 
epidemics,  rats,  mice,  and  flies,  in  large  numbers,  become  infected 
and  die,  and  the  disease  is  frequently  transmitted  through  them  to 
man.  The  organism  is  found  at  times  in  the  faeces  of  sick  animals, 
in  the  dust  of  infected  houses,  and  in  the  soil. 

The  virulence  of  the  bacilli  in  cultures  and  in  nature  seems  to  vary 
considerably,  and  rapidly  diminishes  when  grown  on  artificial  media. 
The  growth  in  cultures  becomes  more  abundant  after  frequent  trans- 
plantation. The  virulence  of  the  organism  is  increased  by  successive 
inoculation  in  certain  animal  species,  and  then  its  pathogenic  prop- 
erties for  other  species  are  less  marked. 

Yersin,  Calmette,  and  Borrel  have  succeeded  in  immunizing  ani- 
mals against  the  bacillus  of  bubonic  plague  by  inoculation,  by  the 
intravenous  or  intraperitoneal  injection  of  dead  cultures,  or  by  re- 
peated subcutaneous  inoculation.  They  also  succeeded  in  immuniz- 
ing rabbits  and  horses,  so  that  the  serum  afforded  protection  to  small 
animals,  after  subcutaneous  injection  of  virulent  cultures,  and  even 
cured  those  which  had  been  inoculated,  if  administered  within 
twelve  hours  after  injection.  The  serum  has  considerable  antitoxic 
as  well  as  bactericidal  properties.  More  recently  this  serum  has 
been  applied  to  the  treatment  of  bubonic  pla^e  in  man^  with  prom- 
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ising  results.  Experience  has  shown  that  the  treatment  is  more 
efficacious  the  earlier  the  stage  of  the  disease.  When  treatment  is 
begun  in  the  first  day  of  the  attack,  fever  and  all  alarming  symptoms 
sometimes  disappear  with  astonishing  rapidity.  In  cases  treated  at 
a  later  stage  larger  doses  of  the  serum  are  required,  and  even  in  the 
favorable  cases  suppuration  of  the  buboes  is  not  always  prevented. 
In  some  of  the  early  cases  and  in  many  of  the  rather. late  ones  the 
serum  fails.  When  the  disease  is  far  advanced  the  serum  is  power- 
less. For  immunizing  purposes  the  serum  should  be  valuable,  and 
a  single  injection  would  probably  give  protection  for  several  weeks. 

HaflFkine,  in  India,  has  recently  applied  his  method  of  preventive 
inoculation  to  the  bubonic  plague,  as  he  previously  did  witii  cholera, 
and  apparently  with  equally  good  results.  This  method  consists  in 
an  inoculation  of  dead  cultures,  and  is  essentially  a  protective  rather 
than  a  curative  treatment.  It  gives  after  six  to  ten  days  a  consider- 
able immunity,  lasting  a  month  or  more.  By  means  of  these  two 
methods  of  inoculation,  along  with  strict  quarantine  regulations  and 
the  destniction  of  rats  and  fleas,  it  is  to  be  hoped  that  this  disease 
which  under  the  name  of  Black  Death  once  decimated  the  populations 
of  the  earth,  and  which  in  the  East  still  causes  a  great  mortality  at 
times,  may  finally  be  greatly  restricted. 

Duration  of  Life  Outside  of  the  Body. — In  cultures  protected 
from  the  air  and  light  tlie  plague  bacilli  may  live  one  year  or  more. 
In  the  bodies  of  dead  rats  they  may  live  for  two  months.  In  sputum 
from  pneumonic  cases  the  bacilli  lived  ten  days.  Upon  sugar  sacks, 
food,  etc.,  they  may  live  six  to  fifteen  days. 

Resistance  to  Deleterious  Influences. — The  bacilli  resemble  the 
colon  bacilli  in  their  reaction  to  heat  and  disinfectants.  Boiling  for 
one  to  two  minutes  kills  them.  Carbolic  acid,  5  per  cent,  solution, 
kills  cultures  in  one  minute,  in  2Vi2  p^'r  cent,  in  two  minutes,  etc. 

Bacteriological  Diagnosis. — AVhen  the  lymph  glands  are  acutely 
inflamed  but  not  yet  suppurated  cut  down  on  one  and  make  cultures 
on  nutrient  agar  slanted  in  tubes.  If  pus  has  formed  withdraw  a 
little  by  means  of  the  hypodermic  needle.  There  should  also  be 
made  smears  from  the  suspected  bubo,  or  in  case  of  pneumonia  from 
the  sputum.  If  the  patient  is  dead,  cultures  from  the  spleen  and 
heart's  blood  are  also  taken  when  possibla  Suspected  animals,  such 
as  rats  and  mice,  when  freshly  killed,  are  examined  as  in  man ;  when 
decomposed,  rats  and  guinea-pigs  should  be  inoculated. 

BACILLUS  lOTEBOIDES. 

In  1897  Sanarelli  announced  the  discovery  of  a  micro-organism 
which  he  claimed  to  be  the  specific  cause  of  yellow  fever.  This  he 
called  the  Bacillus  irteroides.  It  ia  found  in  the  circulating  blood 
and  in  the  tissues  of  most  yellow  fever  patients. 

Morphology. — It  resembles  the  colon  bacilli  in  many  character- 
istics. The  work  of  Reed  and  his  associates  having  thoroughly  over- 
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thrown  the  claims  of  Sanarelli,  its  description  is  now  of  little  general 
interest  except  as  one  of  the  intestinal  bacilli. 

It  stains  readily  with  the  ordinary  aniline  dyes,  but  not  by  Gram's 
method. 

BACILLUS  SUBTILIS  (HAT  BACILLUS). 

This  bacillus  although  it  is  not  known  to  have  any  deleterious 
effects,  yet  because  of  its  frequent  presence  in  milk  and  as  a  con- 
tamination in  cultures,  is  of  considerable  interest 

Source  and  Habitat. — Hay,  straw,  soil,  dust,  milk,  etc 

Morphology. — Short,  thick  rods  with  round  ends,  sometimes  form 
threads.  Sometimes  also  chains  of  long  rods,  short  rods,  and  cocci. 
0.8  to  1.2/A  broad,  1.3  to  3/*  long.  Often  united  in  strings  and 
threads. 

Staming  Beaction. — Stains  by  Gram's  method. 

Capsule;  Flagella;  Motility. — Bacillus  possesses  a  capsule  and 
flagella  which  are  long  and  numerous;  short  forms  actively  motile; 
threads  immotile. 

Spore  Formation. — Oval  spores  fonned  in  presence  of  air  germi- 
nating at  right  angles  to  long  diameter.  Spores  are  set  free  in 
about  24  hours,  size  1.2  by  .6/*;  widely  distributed  in  nature,  dust, 
air,  excreta,  etc 

Biology:  Cultural  Characters  (Including  Biochemical  Features). 
Bouillon. — Uniformly  cloudy  growth  with  marked  pellicle,  wrinkled 
and  thick ;  copious  spore  formation. 

Gelatine  Plates  and  Tubes. — Saucer-like  depressions;  colonies  have 
granular  centres  and  folded  margins.  Surface  growth  in  stab  cul- 
tures in  whitish  gray ;  colonies  sink  on  liquefaction  of  mediiun ;  lique- 
faction progresses  in  a  cylindrical  form,  and  a  thick  white  scum  is 
formed. 

Agar  Plates  and  Tubes. — Small,  irregular,  grayish-white  colonies; 
moist  glistening  growth  along  needle  track  in  stab  cultures. 


CHAPTER  XXXV. 

REPRESENTATIVE  PATHOGENIC  MICROORGANISMS  BELONGING 
TO  THE  HIGHER  BACTERIA. 

The  members  of  the  higher  bacteria  which  are  pathogenic  to  man 
have  as  yet  been  incompletely  studied  and  classified.  The  following 
divisions  serve  as  an  attempt  at  differentiation: 

1.  Actinomyces  is  characterized  by  the  radiating  wreath-like  forms 
which  it  alone  produces  in  the  living  body. 

2.  Streptoihrix,  by  its  abundant  true  branching,  wavy  growth, 
later  fragmentation,  and  formation  of  oonidise,  which  serve  as 
organs  of  propagation,  and  in  this  sense  may  be  considered  as  spores, 

3.  Cladothrix,  by  its  false  branching,  rapid  fragmentation,  and 
then  bacillary  characteristics  in  old  cultures. 

4.  Leptothrix,  by  its  lack  of  observed  branching,  non-wavy  growth, 
but,  on  the  contrary,  stiff,  almost  straight  threads,  in  whidi  division 
processes  are  seldom  or  never  observed. 

These  higher  bacteria  may  rightly  be  considered,  according  to  their 
development,  as  a  transition  group  between  the  simple  bacteria  and 
the  more  highly  developed  fungi. 

The  streptothrix  group  of  microorganisms  while  having  many 
afiinities  with  the  bacteria,  yet  differs  from  them  in  many  important 
respects  w^hich  link  them  with  the  fungi.  They  develop  from  spore- 
like bodies  into  cylindrical  dichotomously  branching  threads,  which 
grow  into  colonies,  the  appearance  of  which  suggests  a  mass  of  radi- 
ating filaments.  Under  favorable  conditions  certain  of  the  threads 
become  fruit  hypha?,  and  these  break  up  into  chains  of  round,  spore- 
like bodies,  which  do  not,  however,  have  the  same  staining  reac- 
tions nor  resisting  powers  as  true  spores.  The  tubercle  grass  and 
diphtheria  bacilli  are  by  some  believed  properly  to  belong  in  the 
streptothrix  group,  on  account  of  the  apparent  branching  forms  de- 
veloped by  them  under  certain  conditions.  The  actinomyces  fungus 
is  by  some  classed  in  the  streptothrix  group. 

THE  mOROORGANISM  OF  AOTINOM700SIS. 

The  little  clumps  produced  by  this  parasite  were  first  seen  by  Von 
Langenbeck  in  1845  and  the  organism  was  later  discovered  by  Bol- 
linger in  the  ox  and  given  the  name  of  actinomyces,  or  ray  fungus, 
by  the  botanist  Harz.  The  two  most  important  publications  on  the 
subject  of  the  biology  of  this  microorganism  are  those  of  Bostroem 
and  of  Wolf  and  Israel,  published  in  1890  and  1891,  respectively. 

The  characteristics  of  the  microorganism  described  by  these  work- 
ers differed  greatly  and  have  led  to  confusion.     Bostroem's  organ- 
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ism  grew  beet  aerobically  and  developed  well  at  room  temperature. 
He  noted  the  intimate  relation  of  the  organism  with  fragments  of 
grain,  and  this  led  to  the  finding  of  similar  micro-organisms  in  the 
outer  world  on  grains,  grasses,  etc. 

There  is  no  doubt  that  some  suppurative  processes  have  been  due 
to  organisms  of  these  characteristics,  but  they  do  not  seem  to  excite 
true  actinomycosis. 

Wolf  and  Israel  described  a  micro-organism  from  two  human 
cases,  which  differ  from  that  described  by  Bostroem,  but  agrees  with 
the  micro-organisms  obtained  by  most  of  the  more  recent  investiga- 
tors. It  grew  best  under  anaerobic  conditions  and  did  not  grow  at 
room  temperature.  Its  growth  was  much  less  luxuriant  than  Bost- 
roem's  micro-organism.  On  the  surface  of  anaerobic  agar  slant 
cultures  on  the  third,  fourth,  and  fifth  day  numerous  minute  iso- 
lated dew-drop-like  colonies  appeared,  the  largest  pinhead  in  size. 
These  gradually  became  larger  and  formed  ball-like,  irregularly 
rounded  elevated  nodules  varying  in  size  up  to  that  of  a  millet-see<l, 
exceptionally  attaining  the  size  of  a  lentil  or  larger.  As  a  rule  the 
colonies  did  not  become  confluent,  and  an  apparently  homogeneous 
layer  of  growth  was  seen  to  be  made  up  of  separate  nodules  if  ex- 
amined with  a  lens.  In  some  instances  the  colonies  presented  a 
prominent  centre  with  a  lobulated  margin  and  appeared  as  rosettes. 
A  characteristic  of  the  colonies  was  that  they  sent  into  the  agar  root- 
like  projections.  In  aerobic  agar  slant  cultures  no  growth  or  a  slow 
and  very  feeble  growth  was  obtained.  In  stab  cultures  the  growth 
was  sometimes  limited  to  the  lower  portion  of  the  line  of  inoculation 
or  was  more  vigorous  there.  In  bouillon,  after  three  to  five  days, 
growth  appeared  as  small  white  flakes,  partly  floating  and  partly 
collected  at  the  bottom  of  the  tube.  Growth  occurred  in  bouillon 
imder  aerobic  conditions,  but  was  better  under  anaerobic  conditions. 
The  micro-organism  in  smear  preparations  from  agar  cultures  ap- 
peared chiefly  as  short  homogeneous,  usually  straight,  but  also 
comma-like  or  bowed  rods,  whose  length  and  breadth  varied.  In 
many  cultures  short  clump  rods  predominated,  and  in  others  longer, 
thicker,  or  thinner  individuals  were  more  numerous.  The  ends 
of  the  rods  often  showed  olive  or  ball-like  swellings.  Some  twenty 
guinea-pigs  and  rabbits  were  inoculated,  most  of  them  in  the  peri- 
toneal cavity,  with  pieces  of  agar  culture.  Eighteen  animals  were 
killed  after  four  to  seventeen  weeks,  and  four  were  still  alive  seven 
to  nine  months  after  the  inoculation.  Seventeen  rabbits  and  one 
guinea-pig  showed  at  the  autopsy  tumor  growths  mostly  in  the  peri- 
toneal cavity  and  in  one  instance  in  the  spleen.  In  the  four  animals 
still  living  tumors  were  to  be  felt  in  the  abdominal  wall.  The 
tumors  in  the  peritoneal  cavity  were  millet-seed  to  plum  size,  and 
were  situated  partly  on  the  abdominal  wall  and  partly  on  the  intes- 
tines, the  omentum,  the  mesentery,  and  in  the  liver  or  in  adhesions. 
Wliile  tlie  surface  of  the  smaller  tumors  was  always  smooth,  the  sur- 
face of  the  larger  tumors  showed  small  hemispherical  prominences. 
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giving  tliem  the  appearance  of  conglomerates  of  smaller  tumors.  On 
section  the  larger  tumors  presented  a  tough  capsule  from  which 
anastomosing  septa  extended  inward  enclosing  cheesy  masses. 
Microscopic  examination  of  the  tumors  showed  in  all  cases  but  one 
the  presence  of  typical  actinomyces  colonies,  in  most  cases  with 
typical  "  clubs."  The  general  histological  appearance  of  the  tumors 
was  like  that  of  actinomycotic  tissue. 

Wolff  in  a  later  paper  reports  that  an  animal  inoculated  in  the 
peritoneal  cavity  with  a  culture  of  the  same  organism  had  lived  a 
year  and  a  half.  At  the  autopsy  several  tumors  were  found  in  the 
j)eritoneal  cavity,  and  in  the  liver  a  large  typical  tumor  in  which 
were  many  colonies  which  by  microscopic  examination  were  shown 
to  be  typical  club-bearing  actinomyces  colonies. 

Naked-Eye  Appearance  of  Colonies  of  Parasite  in  Tissues.— In 
both  man  and  animals  they  can  be  readily  seen  in  the  pus  from  the 

Fig.  139 


A  typical   **  club  "-bearing  colony  of  actinomyces.     x  325  diameters.      (From   Wright.) 

affected  regions  as  small,  white,  yellowish  or  greenish  granules  of 
pinhead  size  (from  0.5  to  2  mm.  iji  diameter).  When  pus  has  not 
formed  they  lie  embedded  in  the  granulation  tissue. 

Microscopic  Appearance. — Microscopically  these  bodies  are  seen 
to  be  made  up  of  threads,  which  radiate  from  a  centre  and  present 
bulbous,  club-like  terminations  (Fig.  139).  These  club-like  termi- 
nations are  characteristic  of  the  actinomyces.  They  are  generally 
arranged  in  pairs,  closely  crowded  together,  and  are  very  glistening 
in  appearanca  The  threads  which  compose  the  central  mass  of  the 
granules  are  from  0.3/i*  to  0.5/a  in  diameter;  the  clubs  are  from  6fi 
to  8/A  in  diameter. 

The  organism  is  stained  with  the  ordinary  aniline  colors,  also  by 
Gram's  solution;  when  stained  with  gentian  violet  and  by  Gram's 
method  the  threads  appear  more  distinct  than  when  stained  witli 
methylene-blue.  The  clubs  lose  their  stain  by  Gram's  method  and 
take  the  contrast  stain. 
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Isolation  of  Actinomyces. — There  are  two  cultural  varieties  one 
of  which  grows  aerobically  and  the  other  anaerobically.  The 
aerobic  variety  is  grown  with  difficulty.  A  large  number  of  solidified 
blood  serum  or  serum  agar  tubes  are  inoculated  with  the  hope  that 
one  or  two  will  develop  a  growth.  The  culture  appears  much  like 
one  of  tubercle  bacilli.  It  grows  however  into  the  medium  and 
takes  on  a  yellowish  hua  Wright*  recommends  that  granules, 
preferably  obtained  from  closed  lesions,  are  first  thoroughly  washed 
in  sterile  water  or  bouillon  and  then  crushed  between  two  sterile 
glass  sides.  In  bovine  cases  make  sure  the  granule  has  filamentous 
masses,  for  if  not  no  culture  will  grow.  The  crushed  granule  is 
transferred  to  a  tube  of  melted  1  per  cent  glucose  agar  at  40°  C. 
The  material  is  thoroughly  distributed  by  shaking  and  the  tube 
placed  in  the  incubator.  A  number  of  granules  after  washing  should 
be  placed  on  the  inside  of  a  sterile  test-tube  and  allowed  to  dry.  In 
this  way,  should  the  material  be  contaminated,  the  drying  of  the 
granules  for  several  weeks  may  kill  off  the  other  bacteria.  The  tube 
should  be  examined  daily.  If  a  number  of  living  filaments  were 
added  to  the  agar  a  large  number  of  colonies  will  develop.  These 
will  be  most  numerous  in  the  depth  in  a  zone  five  to  twelve  milli- 
metres below  the  surface. 

Experimental  InociQation  in  Animals. — True  progressive  infec- 
tion is  rarely  or  never  obtained  by  the  injection  of  pure  cultures  in 
rabbits,  guinea-pigs  or  larger  animals.  It  seems  as  if  cultures  on 
artificial  media  must  lose  in  virulence  or  that  the  disease  is  produced 
by  the  entrance  of  the  organism  along  with  some  irritating  body. 
When  animals  are  inoculated  the  cultures  form  the  characterii^tic 
"  club  "-bearing  colonies  in  the  tissues  of  the  experimental  animals. 
These  colonies  are  either  enclosed  in  small  nodules  of  connective 
tissue  or  are  contained  in  suppurative  foci  within  nodular  tumors 
made  up  of  connective  tissue  in  varying  stages  of  development  The 
most  extensive  lesions  showed  little  progressive  tendency,  and  in  only 
a  very  few  instances  did  multiplication  of  the  micro-organism  in 
the  body  of  the  inoculated  animal  seem  probable. 

Wright  does  not  accept  the  prevalent  belief,  based  on  the  work  of 
Bostroem,  Gasperini,  and  others,  that  the  specific  infectious  agent  of 
actinomycosis  is  to  be  found  among  certain  branching  microorgan- 
isms, widely  disseminated  in  the  outer  world,  which  differ  profoundly 
from  actinomyces  bovis  in  having  spore-like  reproductive  elements. 
He  thinks  that  these  should  be  grouped  together  as  a  separate  genus 
with  the  name  of  Nocardia,  and  that  those  cases  of  undoubted  infec- 
tion by  them  should  be  called  nocardiosis  and  not  actinomycosis. 
The  term  actinomycosis  should  be  used  only  for  those  inflammatory 
processes  the  lesions  of  which  contain  the  characteristic  granules  or 
"  driisen."  That  a  Nocardia  ever  forms  these  characteristic  struc- 
tures in  lesions  produced  by  it  in  man  or  cattle  has  not  been  con- 
vincingly shown. 

*  Journal  of  Medical  Research,  May,   1905. 
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As  the  actinomycosis  microorganism  does  not  grow  well  on  the 
ordinary  culture  media  and  practically  not  at  all  at  room  tempera- 
ture, it  seems  very  probable  that  it  is  a  normal  inhabitant  of  the 
buccal  cavity  and  gastrointestinal  tract  and  does  not  grow  outside  the 
body.  Many  good  observers,  however,  believe  the  infection  is  pro- 
duced by  infected  grains  upon  which  the  organism  has  grown  as  a 
saprophyte. 

The  cultures  are  quite  resistant  to  outside  influences ;  dried,  they 
may  be  kept  for  a  year  or  more;  they  are  killed  by  an  exposure  of 
five  minutes  to  a  temperature  of  75°  C. 

Occurrence  in  Animals. — Actinomycosis  is  quite  prevalent  among 
cattle,  in  which  it  occurs  endemically ;  it  is  more  rare  among  swine 
and  horses,  and  is  sometimes  found  in  man.  The  disease  is  rarely 
conmiunicated  from  one  animal  to  another  and  no  case  is  known 
where  a  direct  history  of  human  contagion  has  been  obtained.  The 
cereal  grains,  which  from  their  nature  are  capable  of  penetrating 
the  tissues,  have  been  repeatedly  found  in  centres  of  actinomycotic 
infection.  This  usually  occurs  in  the  vicinity  of  the  mouth,  where 
injuries  have  been  accidentally  caused.  The  micro-organism  may 
also  be  introduced  by  means  of  carious  teeth.  Cutaneous  infection 
has  been  produced  by  wood  splinters,  and  infection  of  the  lungs  by 
aspiration  of  fragments  of  teeth  containing  the  fungus.  The  pres- 
ence of  the  microorganism  in  cereal  grains,  which  was  formerly 
accepted,  is  denied  by  Wright  and  therefore  certainly  placed  in 
doubt  The  further  distribution  of  the  fungus  after  it  is  introduced 
into  the  tissues  is  effected  partly  by  its  growth  and  partly  by  con- 
veyance by  means  of  the  lymphatics  and  leukocytes.  Not  infre- 
quently a  mixed  infection  with  the  pyogenic  cocci  occurs  in  actino- 
mycosis. 

In  the  earliest  stages  of  its  growth  the  parasite  gives  rise  to  a 
small  granulation  tumor,  not  unlike  that  produced  by  the  tubercle 
bacillus,  which  contains,  in  addition  to  small  round  cells,  epithelial 
elements  and  giant  cells.  After  it  reaches  a  certain  size  there  is 
great  proliferation  of  the  surrounding  connective  tissue,  and  the 
growth  may,  particularly  in  the  jaw,  look  like,  and  was  long  mis- 
taken for,  osteosarcoma.  Finally,  suppuration  occurs,  which  ac- 
cording to  Israel,  may  be  produced  directly  by  the  fungus  itself. 

The  experimental  production  of  actinomycosis  in  animals  with 
material  from  cases  has  been  followed  by  negative  or  very  unsatis- 
factory results,  as  in  the  case  of  cultures.  When  artificially  intro- 
duced into  the  tissues  the  organism  is  either  absorbed  or  encapsu- 
lated. If  introduced  in  large  quantities  multiple  nodules  are 
apparently  formed  in  some  cases,  which  may  suggest  the  production 
of  a  general  infective  process;  but  on  closer  inspection  of  these 
nodules  the  thread-like  portion  of  the  fungus  is  found  to  have  disap- 
peared, leaving  only  the  remains  of  tlie  club-like  ends,  thus  showing 
that  no  growth  has  taken  place. 

Characteristics  of  Disease  in  Man  and  Animals. — The  course  of 
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the  disease  is  vety  chronic  Usually  the  first  sign  is  a  point  of  infil- 
tration about  the  lower  jaw  or  lower  on  the  neck.  This  almost  pain- 
less swelling  increases  and  finally  softens  in  its  center.  The 
necrotic  tissue  finally  forces  a  passage  externally  or  passing  down- 
wards infects  the  pleura,  lungs,  mediastinum  or  ribs.  As  a  rule  the 
disease  is  not  accompanied  by  fever.  In  cattle  the  disease  is  usually 
situated  in  some  portion  of  the  head,  especially  in  the  jaw,  tone^ie 
or  tonsils.  Primary  lung,  intestinal  and  skin  lesions  are  not  infre- 
quent These  local  lesions  sometimes  scatter  and  produce  a  general 
infection  and  the  udder  may  be  involved. 

STRBPTOTHEIX   INPEOTIONS. 

From  widely  scattered  localities  and  at  long  intervals  of  time  re- 
ports have  been  published  describing  unique  cases  of  disease  produced 
by  varieties  of  microorganisms  belonging  to  the  genus  streptothrix. 
In  some  of  these  cases  points  of  similarity  can  be  recognized  in  the 
clinical  symptoms  and  the  gross  pathological  lesions,  while  others 
differ  widely  in  both  respects.  They  have  been  found  in  brain  ab- 
scess, cerebrospinal  meningitis,  pneumonic  areas,  and  in  other  path- 
ological conditions.  Eppinger  injected  cultures  into  guinea-pigs 
and  rabbits,  and  observed  that  it  caused  a  typical  pseudotubercu- 
losis. Consolidation  of  portions  of  both  lungs,  thickening  of  the 
peritoneum,  and  scattered  nodules  resembling  tubercles,  were  noted 
by  Flexner  in  a  case  of  human  infection  as  due  to  a  streptothrix,  in 
which  the  pathological  picture  of  the  disease  resembled  so  nearly 
tuberculosis  in  human  beings  that  the  two  diseases  could  be  separated 
only  by  the  causative  microorganism  in  each  case.  But  in  no  two 
cases  reported  up  to  the  present  time  have  the  descriptions  of  the 
microorganisms  found  agreed  in  all  particulars.  In  some  cases  no 
attempt  at  cultivation  was  made.  In  other  cases  numerous  and 
careful  plants  on  various  culture-media  failed  to  develop  the  specific 
organism.  In  the  remaining  cases  in  which  the  streptothrix  was 
obtained  in  pure  culture,  the  descriptions  of  the  growth  character- 
istics essentially  differ.  In  a  recent  review  of  the  literature  Tuttle 
was  able  to  find  the  reports  of  only  twelve  cases  in  which  a  strepto- 
thrix was  found  in  sufficient  abundance  to  have  been  an  important,  if 
not  the  principal,  factor  in  producing  disease.  These  cases  were  all 
fatal,  and  only  once  was  the  character  of  the  disease  recognized 
during  life.  As  the  clinical  symptoms  and  the  lesions  in  the  human 
subject  as  well  as  in  the  animals  experimentally  inoculated  with  the 
streptothrix  often  resemble  those  of  miliary  tuberculosis,  so  that  a 
number  of  these  cases  have  been  reported  as  pseudotuberculosis,  the 
question  is  naturally  suggested  whether  such  cases  6i  streptothrix 
tuberculosis  are  not  more  numerous  than  the  few  reported  cases 
would  indicate.  The  almost  universal  prevalence  of  genuine  tuber- 
culosis and  the  extreme  gravity  of  the  disease  have  so  long  occupied 
tlie  attention  and  study  of  the  medical  profession  that  much  is  taken 
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for  granted,  and  in  cases  in  which  the  symptomB  and  lesions  re- 
semble with  some  closeness  those  characteristic  of  the  well-known 
disease  they  may  easily  be  set  down  without  question  to  the  account 
of  the  tubercle  bacillus.  The  cases  reported  of  streptothrix  simula- 
ting tuberculosis  have  been  fatal,  and  the  lesions  for  the  most  part 
have  been  widely,distributed,  but  in  a  number  of  cases  old  lesions  have 
been  found  which  suggests  that  the  disease  may  have  been  localized 
for  a  longer  or  shorter  time,  and  then,  by  some  accident,  may  have 
become  rapidly  general.  In  this  respect,  also,  these  cases  may  re- 
semble tuberculosis.  Whether  all  cases  of  streptothrix  disease  in 
the  human  subject  are  general  and  fatal,  or,  as  in  tuberculosis  and 
actinomycosis,  there  may  be  cases  of  localized  disease  which  recover, 
are  questions  which  have  not  been  decided  at  the  present  time.  The 
methods  employed  to  demonstrate  the  presence  of  tubercle  bacilli 
render  the  streptothrices  invisible.  Again,  unless  the  observer  keeps 
in  mind  the  possibility  of  streptothrix  infection,  he  may  not  ap- 
preciate the  importance  of  the  slender  threads  with  or  without 
branches,  and  may  consider  them  accidental  bacilli,  or  varieties  of 
leptothrix  or  non-pathogenic  fungi.  As  the  lungs  have  appeared 
to  be  the  seat  of  the  primary  infection  in  most  of  the  cases  of  human 
streptothrix  disease,  it  is  very  desirable  that  all  cases  presenting  the 
physical  signs  of  tuberculosis,  in  which  repeated  examinations  fail 
to  discover  the  tubercle  bacillus,  should  be  systematically  examined 
for  streptothrix  threads.  In  this  way  alone  can  the  frequency  of 
the  disease  be  determined.  Gram's  method  of  staining  or  the  Ziehl- 
Neelson  solution  decolorized  with  aniline  oil  seem  to  be  the  most 
reliable  agents  for  demonstrating  these  organisms.  The  strepto- 
thrices are  widely  distributed  and  are  not  very  infrequently  met 
with,  but  as  yet,  with  the  exceptions  mentioned  above,  very  little  is 
known  about  them.  Knise  mentions  nineteen  varieties,  including 
the  actinomyces.  Some  of  them  are  non-patliogenic;  some  are  path- 
ogenic for  certain  animals,  and  others  are  pathogenic  for  both  man 
and  animals. 

In  studying  the  descriptions  of  the  different  varieties  of  these 
microorganisms,  it  seems  that,  as  in  the  case  of  certain  bacteria, 
different  observers  may  possibly  have  described  the  same  variety 
under  different  names. 

Tuttle's  report  of  the  case  of  general  streptothrix  infection  at  the 
Presbyterian  Hospital  gives  such  a  good  clinical,  bacteriological, 
and  pathological  picture  of  a  case  of  this  infection  that  a  consider- 
able portion  of  it  is  repeated  here : 

Six  days  before  her  admission  to  the  hospital  her  illness  began 
with  a  severe  chill,  and  fever,  and  pain  in  her  left  side  and  back. 
The  following  day  the  pain  in  the  side  was  worse  and  breathing  was 
difficult  She  began  to  cough  and  had  some  expectoration,  but  no 
blood  was  noticed  in  the  sputa.  At  irregular  intervals  she  had  alter- 
nating hot  and  chilly  sensations. 

On  admission,  the  patient  complained  of  pain  in  the  left  side  of 
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the  chest,  cough,  fever,  weakness,  and  prostration.  Her  tempera- 
ture was  103*^,  and  her  pulse  and  respirations  were  rapid. 

The  history  of  the  disease  and  the  j^ysical  signs  indicated  an 
attack  of  acute  lobar  pneumonia,  the  area  of  consolidation  being 
small  and  situated  in  the  lower  part  of  the  left  upper  lobe  in  front. 
Frequent  and  violent  coughing,  with  almost  no  expectoration,  pain 
in  the  affected  side  and  in  the  lumbar  r^ion,  restlessness  and 
sleeplessness,  and  involuntary  urination  were  the  symptoms  noted 
during  the  first  four  days  in  the  hospital.  The  pneumonic  area  in- 
creased somewhat,  and  extended  backward  to  the  posterior  axillary 
line,  and  the  temperature  was  continuous  at  103°  to  103.5°.  On  the 
fifth  day  the  temperature  fell  two  degrees,  and  signs  of  resolution 
appeared  in  the  consolidated  area.  The  apparent  improvement, 
however,  was  of  short  duration.  On  the  sixth  day  the  temperature 
rose  to  104.5°,  and  continued  to  rise  each  day,  reaching  107.5° 
shortly  before  death,  which  occurred  on  the  ninth  day  in  the  hos- 
pital and  the  fifteenth  day  of  the  disease.  There  were  repeated  at- 
tacks of  profuse  sweating.  On  the  day  before  her  death  three  in- 
durated swellings  beneath  the  skin  were  noticed.  One,  on  the  left 
forearm,  about  the  size  of  a  walnut,  apparently  contained  pus.  Two, 
of  smaller  size,  were  situated  in  tlie  right  groin. 

Blood  cultures  from  a  vein  in  the  arm,  taken  on  the  sixth  day, 
remained  sterile.  The  leukocyte  count  on  the  seventh  day  was 
36,000. 

Autopsy. — On  tlie  right  arm,  the  left  forearm,  the  abdominal  wall, 
and  on  both  thighs  there  are  eight  or  ten  slightly  projecting,  rounded, 
fluctuating,  subcutaneous  swellings  from  one-half  inch  to  one  inch  in 
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Streptothrix  from  bouillon  culture. 
(From  Tuttle.) 


Young  streptothrix  threads  showins 
terminal   buds.     (From   Tuttle.) 


diameter.  The  skin  over  most  of  tlieso  nodules  is  unaltered,  but 
over  the  larger  ones  there  is  a  slight  bluish  discoloration.  The 
nodules  were  found  to  be  collections  of  bluish-gray,  thick,  mucilag- 
inous matter,  which  is  very  tenacious  and  can  be  drawn  out  into 
long  threads.  The  lower  lobe  is  thickly  studded  with  miliary 
tulx^rcles,  and  scattered  through  tJie  entire  lung  are  suppurating 
foci.      Liver    and    spleen    normal.      Kidneys:    The   description    of 
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one  applies  to  both.  The  surface  is  everywhere  and  evenly  dotted 
with  minute  white  spots,  which  suggest  septic  emboli  rather  than 
tubercles.  A  few  prominent  white  nodules,  from  one-quarter  inch 
to  one-half  inch  in  diameter,  contain  thick,  tenacious  matter  (Fig. 
142).  Section  shows  that  the  entire  substance  of  the  kidney  is 
densely  studded  with  these  minute  white  granules. 

The  gross  pathological  conditions  were  interpreted  before  the 
streptothrix  was  found  as  follows:  An  old  tuberculous  nodule  in 
the  right  lung;  acute  miliary  tuberculosis  in  the  right  lung  and 
peritoneum;  acute  lobar  pneumonia,  affecting  the  left  lung;  septic 
infarctions  and  pyaemic  abscesses  of  both  lungs,  heart  muscle,  both 
kidneys,  pancreas,  mesenteric  lymph  nodes,  and  subcutaneous  con- 
nective tissue.  The  miliary  tubercles  of  the  right  lung  and  perito- 
neum presented  the  characteristic  appearance  of  genuine  tubercu- 
losis. They  were  minute,  hard,  gray,  almost  translucent  nodules, 
while  the  granules  in  the  kidneys  were  of  an  opaque-white  or  yellow- 
ish-white color. 

Microscopic  Examination. — Smears  from  the  abscesses  beneatli 
the  skin  and  on  the  surface  of  the  kidneys  were  stained  with  methyl- 
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Portion  of  kidney  showing  minute  and  large  areas  of  Infection. 

blue,  carbol-fuehsin,  and  by  Gram's  method.  The  smears  resemble 
those  made  of  tenacious  sputum.  There  is  a  large  amount  of  mucoid 
material  containing  a  considerable  number  of  leukocytes.  Occasion- 
ally irregularly  curved,  thread-shaped  microorganisms  are  found. 
They  vary  considerably  in  length  and  thickness,  and  broken  and  ap- 
parently degenerating  fragments  are  seen.  The  more  slender  threads 
are  evenly  stained,  but  some  fragmentation  or  beading  of  the  pro- 
toplasm can  generally  be  observed.     The  thicker  threads  and  broken 
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fragments  show  deeply  stained  globules  and  irregular  bodies  in  a 
faintly  visible  rod  or  thread-shaped  covering.  Some  branching 
threads  are  observed,  but  more  commonly  they  are  not  branching. 
No  other  microorganisms  are  found  in  the  smears.  Sections  from 
the  lower  lobe  of  the  right  lung,  stained  with  haematoxylin  and 
eosin,  showed  in  certain  places  the  identical  microscopic  appearances 
which  are  considered  characteristic  of  tuberculosis.  Stained  by 
Gram's  method,  with  care  not  to  decolorize  too  completely,  threads 
like  those  described  in  the  abscesses  are  found  in  great  abundance, 
but  rather  faintly  stained.  No  threads  can  be  found  within  the 
typical  tubercles  with  giant  cells,  but  in  the  zones  of  small  cells 
around  them  they  are  seen  in  great  numbers,  winding  about  among 
the  cells  and  forming  a  sort  of  network.  In  the  minute  foci  of 
small  cells  one  or  two  fragments  of  threads  are  generally  seen,  and  a 
moderate  number  in  the  small  abscesses.  In  the  areas  of  more 
diffuse  infiltration  these  threads  are  abundant  No  other  micro- 
organisms can  be  found  except  in  the  pneumonic  area  of  the  left 
lung,  where  some  groups  of  cocci  are  seen. 

The  most  reliable  staining  method  and  the  one  requiring  the  least 
time  is  a  modified  Gram's  method.  The  sections  stained  with  ani- 
line-gentian violet  are  dipped  for  a  short  time  in  a  diluted  Gram's 
iodine  solution  and  then  treated  with  aniline  oil  until  sufficient  color 
has  been  removed.  The  aniline  oil  is  then  washed  out  with  xylol, 
and  the  section  is  mounted  in  xylol  balsam. 

Culture  Experiments. — Six  tubes  of  Loeffler  blood  serum  were  in- 
oculated from  the  kidneys  and  kept  at  37°  C.  On  the  third  day 
minute  white  colonies  appeared  in  some  of  the  tubes,  and  on  the  fifth 
day  all  the  tubes  showed  from  three  to  ten  or  twelve  similar  colonies 
in  each.  The  colonies  increased  in  size  until  some  of  them  reached 
a  diameter  of  one-eighth  of  an  inch.  The  color,  at  first  white, 
changed  to  yellowish-white  and  then  to  a  decided  pale  yellow.  The 
well-developed  colonies  cling  firmly  to  the  surface  of  the  medium 
and  are  not  easily  detached  or  broken  up.  The  growths  in  all  of 
the  tubes  were  absolutely  pure,  and  consisted  of  branching  threads 
like  those  found  in  the  sections. 

Loeffler  blood  serum  seems  to  be  the  most  suitable  medium  for  cul- 
tures. The  growth  on  this  medium  is  more  rapid  and  abundant 
than  on  any  of  the  other  media  tried. 

On  plain  agar  and  glycerin  agar  the  growth  is  the  same  as  on  blood 
serum,  but  is  less  rapidly  developed. 

In  bouillon  the  growth  is  slow.  If  the  tube  is  not  disturbed  or 
jarred,  minute  white  tufts  are  seen  clinging  to  the  surface  of  the 
glass.  But  if  the  tube  is  shaken  even  slightly  they  sink  slowly  to 
the  bottom,  forming  a  white,  fluffy  layer.  These  growths  when  un- 
disturbed resemble  minute  balls  of  thistle-down.  The  yellow  color 
is  not  apparent  even  in  the  mass  at  the  bottom  of  the  tube. 
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It  is  strictly  aerobic 

Morphology. — ^When  grown  on  blood  serum  the  threads  are  com- 
paratively thick  and  coarse,  but  those  growing  in  bouillon  are  very 
slender  and  delicate.  The  main  trunk  also  is  often  thicker  than  the 
branches.  When  unstained  they  are  homogeneous  gray  threads, 
without  any  appearance  of  a  central  canal  or  double-contoured  wall. 
There  is  never  any  segmentation  of  the  threads.  When  properly 
stained  there  is  always  a  distinct  beading  or  fragmentation  of  the 
protoplasm,  but  overstaining  with  fuchsin  produces  rather  coarse, 
evenly  red  rods.  The  branching  is  irregular  and  without  symmetry, 
and  the  branches  are  placed  at  a  wide  angle,  very  nearly,  and  some- 
times quite,  at  right  angles.  This  is  best  seen  in  specimens  taken 
from  liquid  media.  The  irregularly  stellate  arrangement  of  the 
branches,  which  was  observed  by  Eppinger  in  his  original  specimen, 
is  often  seen  in  young  organisms  floated  out  from  a  liquid  medium. 

Spore  Formation. — On  examining  the  deep-orange  or  red-colored 
growth  upon  potato,  one  is  surprised  to  find  that  the  threads  have 
entirely  disappeared,  and  that  the  specimen  consists  of  moderately 
large  ex)cci.  These  cocci  represent  the  spore  form  of  the  organism, 
and  when  planted  upon  blood  serum  the  branching  threads  again 
appear.  The  spores  stain  readily  with  carbol-fuchsin  and  are  not 
easily  decolorized.  They  are  spherical,  or  nearly  so,  but  often 
anpear  somewhat  elongated,  apparently  from  becrinnine  erermination. 
They  are  killed  by  exposure  to  moist  heat  of  6.5°  to  70°  C.  for  an 
hour,  but  are  more  resistant  to  dry  h^at.  Drying  destroys  the 
threads  after  a  comparativelv  short  time,  but  the  spores  retain  their 
vitality  for  an  indefinite  period.  A  dried-up  potato  culture  retains 
its  vitality  at  the  end  of  almost  four  years. 

The  identity  of  this  microorganism  is  not  fully  established.  It  is 
undoubtedlv  a  streptothrix.  but  it  does  not  agree  in  all  particulars 
with  any  of  the  varieties  described. 

Animal  Inoculations. — A  numl)er  of  rabbits  pr»d  miinop-r^ipis  were 
inoculated  subcutaneously  upon  the  abdomen  and  in  the  neiorhborhood 
of  the  cervical,  axillarv,  and  insniin^l  lymnh  nodes  with  colonies 
broken  up  in  salt  solution.  Indurated  swell inirs  were  produced  at 
the  point  of  inoculation  and  a  number  of  absc^ssf^s  resulted.  The 
abscesses  developed  rapidly  and  some  of  them  opened  soo^taneously, 
while  others  were  incised.  The  material  evacuated  did  not  re- 
semble ordinary  pus,  but  was  thick  and  mucilaginous  and  exceed- 
ingly tenacious,  like  that  from  the  subcutaneous  abscesses  of  the  pa- 
tient described  above.  The  microscopic  appearance  was  the  same, 
and  the  streptothrix  threads  were  found  in  considerable  numbers. 
Several  rabbits  and  guinea-pigs  and  two  cats  received  peritoneal 
inoculations,  but  none  of  them  showed  any  sign  of  infection.  When 
rabhits  were  inoculated  intravenously,  a  rapidly  fatal  general  infec- 
tion was  produced^  and  the  lesions  were  similar  in  kind  and  distribu- 
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tion  to  those  described  in  the  human  subject     Other  cases  reported 
are  the  following: 

Ferre  and  Faguet  found  in  Bordeaux,  in  a  cerebral  abscess  in  the 
centrum  ovale,  a  branching  fungus,  colored  by  Gram,  which  corre- 
sponded to  the  streptothrix.  It  grew  on  agar  in  round,  oohre-colored 
colonies;  on  potato  there  was  little  growth  visible;  slimy,  tough 
colonies,  which  became  gray  and  remained  free  from  white  dusting 
on  the  surface.  Inoculations  in  rabbits  and  guinea-pigs  were  nega- 
tive. 

Oladothrix  and  Streptothrix  in  Cases  Simulating  Actinomycosis  or 
Taberculosis.  Intermediate  Cases  between  Streptothrix  and  Actinomy- 
cosis.— Gasten  found  in  a  case  of  apparently  typical  actinomycosis, 
in  which  abscess  cavities  were  found  along  the  spinal  column,  not 
the  usual  actinomyces  in  the  yellow,  granular  pus,  but  a  fine  mass  of 
filament  Cultures  grew  on  all  the  ordinary  m^dia,  best  at  incu- 
bator temperature,  but  also  at  lower  temperature  on  ja^latin.  The 
gelatin  stick  culture,  which  was  especially  characteristic,  formed  on 
the  surface  a  whitish  button;  delicate  threads  stretched  out  in  all 
directions  from  the  point  of  inoculation.  On  agar  and  potato 
rumpled,  folded  films  with  white  deposit  on  the  surface,  which  con- 
tained spores.  Animal  inoculation  gave  positive  results  only  in  a 
few  cases  of  intraperitoneal  injection  of  rabbits  and  guinea-pigs. 
Purulent  nodules  were  foimd  in  the  peritoneum.  Gasten  called  the 
organism  Cladothrix  liquefaciens. 

Sabraces  and  Riviere  found,  in  a  case  of  cerebral  abscess  and  a 
case  of  chronic  lung  disease  with  occurrence  of  subacute  abscesses, 
fungi  which  differed  from  actinomyces.  The  organisms  were  con- 
tained in  the  lungs  and  pus  in  the  latter  in  pure  culture.  They 
grew  best  at  37°  C.  in  the  presence  of  oxygen.  On  agar  plates 
round,  wart-like  colonies  were  found  with  yellowish  under  and 
whitish  upper  surface.  Grew  particularly  well  on  fat  and  glycerin 
media;  in  milk  a  flesh-colored  rim  was  developed;  in  gelatin  agar 
a  rough,  brownish  deposit,  becoming  black  with  age.  Gelatin  was 
liquefied.  The  culture  had  a  strong  odor  of  old  mould.  A  yellow- 
ish pigment  was  usually  produced  which  dissolved  in  ether;  in  an 
atmosphere  of  pure  oxygen  a  brown  pigment.  Animal  experiments 
gave  positive  results  only  when  to  a  fourteen-day-old  bouillon  culture 
lactic  acid  was  added;  then  pseudotuberculosis  was  produced. 

Eppinger  found  in  post-mortem  examination  of  a  case  of  chronic 
cerebral  abscess,  which  was  the  result  of  purulent  meningitis,  in  tlie 
pus  and  abscess  walls,  etc.,  a  delicate  fungoid  growth  which  he  suc- 
ceeded in  cultivating  on  various  media.  On  sugar  agar  it  formed 
yellow,  rumpled  colonies  which  finally  developed  into  a  skin.  On 
potato  it  grew  rapidly,  but  the  colonies  remained  small,  at  first  a 
white,  granular  deposit,  which  afterward  turned  red,  and  on  the 
twentieth  day  resembled  a  crystallized  almond.     It  did  not  grow  well 
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on  gelatin.  In  bouillon  it  formed  on  the  surface  a  small  white 
granule,  which  became  deeper  in  the  centre  as  it  grew  and  sunk  to 
the  bottom  as  a  white  deposit.     The  bouillon  remained  clear. 

Microscopically  the  fungus  consisted  of  fine  threads  without 
branches,  which  exhibited  distinct  motility.  No  flagcUa  was  ob- 
served. It  was  judged  to  be  a  cladothrix,  to  which  the  name  "  aster- 
oides  "  was  given  by  the  author.  It  proved  to  be  quite  pathogenic 
for  rabbits  and  guinea-pigs,  and  produced  an  infection  of  pseudo- 
tuberculosis.    Mice  were  not  affected  by  inoculation. 

Numerous  cases  have  since  been  observed  in  which  the  streptothrix 
proved  to  be  the  cause  of  chronic  lung  diseases,  clinically  suspected 
to  be  tuberculosis. 


CHAPTER   XXXVI. 

THE   PATHOGENIC   FUNGI   AND   YEASTS    (BLASTOMYCETES)- 

DISEASES  DUE  TO  MICROORGANISMS  NOT 

YET  IDENTIFIED. 


THE  FUNGL 

The  majority  of  the  fungi  are  not  pathogenic  and  interest  us 
merely  as  organisms  which  are  apt  to  infect  our  hacteriologie^l 
media.  Some  are,  however,  true  parasites,  and  already  we  know- 
that  ringworm,  favus,  thrush,  and  pityriasis  versicolor  are  caused 
hy  fungi.  Only  those  causing  ringworm,  favus,  pityriasis,  and  soor 
will  be  touched  on. 

Trichophyton  (Bingworm  FimgiiB). — Ringworm  of  the  body  or 
hairless  parts  of  the  skin,  Tinea  circincda,  and  ringworm  of  the  hairy 
parts.  Tinea  tonsurans  and  Tinea  barbae  or  Tinea  sycosis,  are  due 
to  the  fungus  triclwpyton,  discovered  by  Gruby  in  the  human  hair, 
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Hair  riddled  with  ringworm  fungus.     Megalosporon  variety. 

and  between  the  epidermal  cells  by  ITebra,  and  obtained  in  free  cul- 
tures by  gravity. 

According  to  Sabouraud,  whose  conclusions  are  based  on  an  exten- 
sive series  of  microscopic  examinations  of  cases  of  tinea  in  man  and 
animals,  of  cultivation  in  artificial  media,  and  of  inoculation  on  man 
and  animals,  there  are  two  distinct  ty|)es  of  the  fungus  trichopliyton 
causing  ring^vorm  in  man — one  with  small  spores  (2  to  3  mm.) 
which  ho  calls  T,  mi^rosporon,  and  one  with  large  spores  (7  to  8 
mm.)  which  he  calls  T.  megalosporon.  They  differ  in  their  mode  of 
growth  on  artificial  media  and  in  their  pathological  effects  on  the 
human  skin  and  its  appendages.     T.  niicrosporon  is  the  common 
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fungus  of  tinea  tonsurans  of  children,  especially  of  those  cases  which 
are  rebellious  to  treatment,  and  its  special  seat  of  growth  is  in  the 
substance  of  the  hair.  T.  megalosporon  (Fig.  143)  is  essentially 
the  fungus  of  ringworm  of  the  beard  and  of  the  smooth  part  of  the 
skin ;  the  prognosis  as  regards  treatment  is  good.  One-third  of  the 
cases  of  T.  tonsurans  of  children  are  due  to  trichophyton  megalo- 
sporon. The  spores  of  T.  microsporon  are  contained  in  a  mycelium ; 
but  this  is  not  visible,  the  spores  appearing  irregularly  piled  up  like 
zoogloea  masses;    and,  growing    outside,  they  form  a  dense  sheath 
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These  two  half-plates  show  three  months'  growth  on  peptone-maltose  agar  of  two 
megalosporon  varieties   of  the  ringworm  fungus.     Natural  size. 


around  the  hair.  The  spores  of  T,  megalosporon  are  always  con- 
tained in  distinct  mycelium  filaments,  which  may  either  be  resistant 
when  the  hair  is  broken  up  or  fragile  and  easily  breaking  up  into 
spores.  The  two  types  when  grown  in  artificial  cultures  show  dis- 
tinct and  constant  characters.  The  cultures  of  T.  microsporon  show 
a  downy  surface  and  white  color ;  those  of  T.  megalosporon  a  powdery 
surface,  with  arborescent  peripheral  rays,  and  often  a  yellowish 
color.  Although  the  morphological  appearances,  mode  of  growth,  and 
clinical  effects  of  each  type  of  trichophyton  show  certain  characters 
in  general,  yet  there  are  certain  constant  minor  differences  which 
31 
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point  to  the  fact  that  there  are  several  diflFerent  kinds  of  species  of 
fungus  included  under  each  type.  The  species  included  under  T. 
microsporon  are  few  in  number,  and,  with  tlie  exception  of  one  which 
causes  the  common  contagious  "  herpes  "  of  the  horse,  almost  entirely 
human.  The  species  of  T.  megalosporon  are  numerous  and  fall 
under  several  natural  groups,  the  members  of  which  resemble  one 
another  both  from  clinical  and  mycological  aspects  (Fig.  144). 
Many  animals  are  subject  to  the  growth  upon  their  skins  of  particular 
varieties  of  T.  megalosporon. 

Achorion  Schoenleinii  (Favus). — Favus  is  due  to  a  fungus  dis- 
covered by  Schoenlein  in  1839,  and  called  by  Remak  Achorion 
schoenleinii.  The  disease  is  communicated  by  contagion,  the  fungus 
being  often  derived  from  animals,  especially  cats,  mice,  rabbits, 
and  fowls ;  dogs  also  are  subject  to  it^  It  grows  much  more  slowly 
than  the  ringworm  fungus,  and  is,  therefore,  not  so  easily  trans- 
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A  portion  of  a  favuB-infected  hair;  magnified. 

mitted.  Want  of  cleanliness  is  a  predisposing  factor.  The  fungus 
seems  to  find  a  more  favorable  soil  for  its  development  on  the  skin  of 
persons  in  weak  health,  especially  from  phthisis,  than  in  others. 

Pathologically,  the  disease  represents  the  reaction  of  the  tissues  to 
the  irritation  caused  by  the  growth  of  the  fungus.  The  spores  gen- 
erally find  their  way  into  the  hair  follicles,  where  they  grow  in  and 
about  the  hair  (Fig.  145).  The  favus  fungus  grows  in  the  epi- 
dermis, the  density  of  the  growth  causing  pressure  on  the  parts  be- 
low, thus  crushing  out  the  vitality  of  the  hair  and  giving  rise  to 
atrophic  scarring.  The  disease  shows  a  marked  preference  for  the 
scalp,  but  no  part  of  the  skin  is  exempt,  and  even  the  mucous  mem- 
branes are  liable  to  be  attacked.  Ka]X)si  has  reported  a  case  in 
which  a  patient  suffering  from  universal  favus  died,  with  symptoms 
of  severe  gastrointestinal  irritation,  which  was  found  after  death  to 
be  due  to  the  presence  of  the  favus  fungus  in  the  stomach  and  in- 
testines. On  the  vsoalp  it  first  appears  as  a  tiny  sulphur-yellow  disk 
or  scvtyhtm,  doprossed  in  the  centre  like  a  cup  and  pierced  by  a  hair. 
This  is  the  eharacteriatic  lesion.  The  cup  shape  is  attributed  by 
TJnna  to  growth  at  the  sides  proceeding  more  vigorously  than  at  the 
centre. 
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There  is  some  difference  of  opinion  as  to  whether  there  is  only  one 
or  several  varieties  of  favns  fungus.  It  was  suggested  by  Quincke 
that  there  are  three  different  species  of  favus  fungus.  Later  in- 
vestigations have  apparently  shown,  however,  that  the  Achorion 
schoenleinii  is  the  only  fungus  of  favus. 

The  favus  fungus  is  readily  cultivated  at  the  body  temperature, 
and  also  at  room  temperature,  in  the 
ordinary  culture  media,  as  agar,  blood 
serum,  gelatin,  bouillon,  milk,  infusion 
of  malt,  eggs,  potato,  etc.  (Fig.  146). 
The  growth  develops  slowly  and  shows 
a  preference  to  growth  beneath  the  sur- 
face of  the  medium — except  on  potato, 
upon  which  it  develops  on  the  surface 
in  layers.  The  characteristic  form  of 
growth  is  that  of  moss-like  projections 
from  a  central  body.     The  color  is  at 

first  grayish-white,  then  yellowish.     As  

seen  under  the  microscope,  ray-like  my-         Five-monthg-oid  colony  of  favus 

celium    filaments    are    developed,    which       on^peptone-maltoBe   agar;    actual 

divide   into   branches.      The   ends    are 

often  swollen  or  club-shaped,  and  there  are  various  enlargements 

along  the  body  of  the  filament. 

Pitjidasis  Versicolor. — This  organism  belongs  to  a  group  of  fungi 
which,  in  contrast  to  the  more  parasitic  fungi,  faviis  and  tricho- 
phyton, invades  only  the  most  superficial  layers  of  the  skin.  It  does 
not  penetrate  the  deeper  layers  nor  does  it  give  rise  to  any  consider- 
able pathological  changes  in  the  skin  or  hair.  Although  the  vege- 
tative elements  of  these  fungi  are  much  more  numerous  in  the 
affected  portions  of  the  skin  than  is  the  case  with  the  more  parasitic 
species,  they  are  not  nearly  as  contagious  as  the  latter. 

By  preference  Pityriasis  versicolor  attacks  the  chest,  abdomen, 
back  and  axillae;  less  frequently  neck  and  arms,  while  exceptionally 
it  attacks  also  the  face.  The  growth  shows  itself  as  scattered  spots 
varying  in  color  from  that  of  cream-coffee  to  reddish-brown.  The 
spots  are  readily  scraped  off  and  show  fine  lamellation  or  scaling. 
Occasionally  the  spots  are  confluent,  and  sometimes  arranged  in 
ring  form  like  herpes  tonsurans. 

In  spite  of  their  slight  contagiousness  this  is  one  of  the  most  fre- 
quent dermatomycoses.  Although  it  is  distributed  widely  over  the 
earth,  it  is  more  frequently  observed  in  southern  than  in  northern 
countries. 

Persons  with  a  tender  skin  and  a  disposition  to  perspire  freely  are 
particularly  affected  by  Pityriasis  versicolor,  and  this  is  undoubtedly 
the  only  reason  Tvhy  the  affection  is  so  frequently  observe*!  in  con- 
sumptives. Women  are  more  frequently  attacked  than  men,  while 
children  and  old  people  are  rarely  affected. 

The  source  of  infection  is  unknown,  since  the  absence  of  contagion 
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has  frequently  been  demonstrated.  It  seems  likely  that  the  spores 
of  this  fungus  are  so  widely  distributed  that  susceptible  individuals 
are  easily  infected. 

The  arrangement  of  the  fungus  in  the  scales  of  epidermis  is  char- 
acteristic The  short  and  thick-cur\^ed  hyphse  (7/i  to  13/i  long  and 
3/i  to  4/i  wide)  surround  large  clumps  of  spores.  The  spores  are 
coarse,  doubly  contorted  (4/i  to  7/i)  or  round.  On  staining  with 
Ziehl's  solution  the  spores  are  seen  to  contain  deeply  stained  globules 
lying,  in  all  probability,  on  the  inner  surface  of  the  cell  membrane. 
The  rest  of  the  protoplasm  is  but  little  stained,  or  not  at  all.  One 
frequently  finds  that  these  globules  have  disintegrated  into  numerous 
fine  granules.  The  globules  are  also  found  free ;  what  their  nature 
is  does  not  appear;  Siey  are  not  found  in  cultures,  the  freshly  de- 
veloped spores  showing  only  a  single  globular  mass  of  protoplasm 
possessing  a  fine  blue  lustre. 

Boor  Fungus  (Thrash). — Soor,  as  is  well  known,  occurs  most  fre- 
quently in  the  oral  mucous  membrane  of  infants  during  the  early 
weeks  of  life.  It  is  also  foimd  as  a  slight  mycosis  in  the  vagina, 
especially  of  pregnant  women.  In  rare  cases  the  disease  attacks 
adults,  and  then  especially  those  whose  system  has  been  undermined 
by  other  diseases,  such  as  diabetes,  typhoid  patients,  eta  A  few 
cases  are  recorded  in  the  literature  in  which  this  fungus  has  given 
rise  to  constitutional  disease.  In  these  cases  autopsy  has  shown 
abscesses  in  various  parts  of  the  body,  such  as  in  the  lungs,  spleen, 
kidney,  and  brain. 

In  the  lesions  of  the  disease  as  well  as  in  cultures,  this  fungus 
appears  both  as  a  yeast  and  a  mycelium.  The  yeast  cells  are  oval 
in  form,  about  5/i  to  6ft  long  and  4/i  wide,  and  can  in  no  way  be  dis- 
tinguished ffom  other  yeast  cells  either  by  their  appearance  or  their 
method  of  propagation.  The  threads  of  the  mycelium  vary  very 
much  in  length  and  thickness,  and  show  all  intermediate  forms  be- 
tween a  typical  and  a  budding  mycelium. 

Soor  is  not  much  influenced  by  acids  or  alkalies,  growing  well  both 
in  acid  and  in  alkaline  media.  On  the  other  hand,  it  is  very  sus- 
ceptible to  the  common  disinfectants,  especially  salicylic  acid,  cor- 
rosive sublimate,  phenol,  etc.  This  fact  is  made  use  of  in  local 
treatment. 

Gocddioides  Immitis  Bizford  and  Oilchrist  (1897). — The  or- 
ganism occurring  in  certain  cases  of  skin  and  lung  infection  in  man 
and  described  under  the  above  name  was  classed  by  the  authors  with 
the  cocoidia;  but  it  has  been  shown  by  Moffitt,  Ash,  and  especially 
by  Ophiils  to  be  a  mould,  its  fungus-like  characters  developing  on 
the  usual  artificial  culture  media.  The  description  given  by  Rix- 
ford  and  Gilchrist  of  the  morphology  of  the  parasite  in  the  tissues 
is  the  same  as  that  of  the  organisms  studied  by  Ophiils.  In  each 
nodule  formed  in  the  disease  one  to  several  parasites  are  found 
either  free  or  lodged  in  a  giant  cell.  The  parasites  have  the  form  of 
"  rounded  protoplasmic  masses  20/*  to  80/*  in  diameter,  surrounded 
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by  a  thick,  enveloping  membrane.  Their  multiplication  is  effected 
by  a  series  of  bi partitions  which  go  on  within  the  membrane;  the 
latter  then  bursts  and  sets  free  the  young  parasitic  elements,  which 
grow  m  situ  or  are  carried  away  by  the  blood  or  lymph."  Among 
Ophiils'  conclusions  are  the  following:  "The  lesions  produced  by 
this  fungus  fall  under  the  general  head  of  infectious  granulomata, 
and  consist  partly  in  nodules  resembling  altogether  those  produced 
by  the  tubercle  bacilli  and  partly  in  chronic  abscesses.  The  adult 
forms  of  the  parasite  are  more  apt  to  produce  nodules,  the  sporu- 
lating  forms^  abscesses.  The  fungus  is  pathogenic  for  dogs,  rabbits, 
and  guinea-pigs,  probably  other  animals  also,  and  in  them  produces 
lesions  very  similar  to  those  which  we  encounter  in  the  human  being 
in  this  disease." 

Blastomycetes  (Yeasts). — These  microorganisms  are  of  the  great- 
est importance  in  brewing  and  baking,  and  certain  recent  experi- 
ments have  shown  that  some  varieties  when  injected  are  capable  of 
producing  tumors  and  many  are  pathogenic  for  mice.  They  are  not 
uncommonly  present  in  the  air  and  in  cultures  made  from  the  throat. 
They  consist  of  round  or  oval  cells,  usually  many  times  larger  than 
the  bacteria.  They  usually  reproduce  by  budding,  a  portion  of  the 
protoplasm  forming  a  lateral  proliferation  which  is  finally  cut  off 
to  form  a  new  individual. 

For  many  centuries  blastomycetes,  or  yeasts,  have  proven  them- 
selves to  be  of  great  benefit  to  man,  untold  millions  of  them  being 
used  daily  in  breweries,  distilleries,  and  other  industries.  Until  a 
few  years  ago  this  group  of  organisms  stood  alone  among  other  allied 
forms  of  life  as  being  the  only  one  in  which  pathogenic  species  were 
unknown.  It  is  not  more  than  ten  years  since  the  discovery  of  the 
first  of  the  disease-producing  yeasts.  Since  that  time  these  organ- 
isms have  been  studied  not  only  because  of  their  interesting  biologi- 
cal and  physiological  characteristics,  but  also  from  the  point  of 
view  of  the  jAysician  and  etiologist.  Our  present  knowledge  con- 
cerning the  pathogenic  yeasts  may  be  briefly  summarized  as  follows : 

The  position  which  the  yeasts  occupy  in  systematic  biology 
(botany)  has  not,  thus  far,  been  accurately  determined.  In  fact,  it 
is  even  doubted  whether  they  constitute  independent  fungi  or  are 
perhaps  a  particular  form  of  growth  of  more  highly  organized  fungi, 
especially  of  the  mould  fungi.  This  hypothesis  was  formulated  by 
Brefeld  about  thirty  years  ago,  but  has  not  thus  far  been  proved. 
For  the  present  it  seems  advisable  to  retain  the  yeasts  in  a  group  of 
fungi  by  themselves. 

The  chief  characteristic  of  the  yeasts  is  their  peculiar  method  of 
reproduction  which  in  most  cases  is  by  means  of  budding.  For  this 
reason  these  organisms  go  by  the  name  of  blastomycetes  in  contrast 
to  the  fission  fungi,  or  schizomycetes,  and  the  mould  fimgi,  or  hy- 
phomycetes.  A  transition  between  the  blastomycetes  and  the  hy- 
phomycetes  is  formed  by  the  otdien,  which  at  one  time  grow  to  long 
threads,  at  another  time  (under  certain  conditions  almost  exclusively) 
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multiply  by  building.  ^  But  no  hard-and-fast  line  exists  between  tbeso 
classes,  for  the  yeasts  can  at  times  develop  short  hyphae,  at  other  times, 
in  rare  cases,  form  new  individuals  by  segmentation. 

The  most  important  property  of  yeasts,  though  one  not  possessed 
by  all  to  the  same  degree,  is  that  of  producing  alcoholic  fermenta- 
tion. In  practice  we  distinguish  between  the  yeasts  that  can  be 
employed  practically,  "  culture  yeasts,"  and  those  which  often  act 
as  disturbing  factors,  so-called  "  wild  "  yeasts. 

The  shape  of  most  of  the  culture  yeasts  is  oval  or  elliptical  (Fig. 
139).  Round  or  globular  forms  are  more  often  met  with  among  the 
wild  species  which  usually  excite  only  a  slight  degree  of  fermenta- 
tion. They  are  known  as  "  tonila  '^  forms.  But  sausage-shaped  and 
thread  forms  are  also  met  with. 

The  individual  yeast  cells  are  strongly  refractive,  so  that  under 
the  microscope  at  times  they  have  almost  the  lustre  of  fat  droplets. 
This  is  important  because  in  examining  fresh  tissues  the  yeast  cells 
may  be  hard  to  distinguish  from  fat  droplets,  often  requiring  the  aid 
of  certain  reagents  for  their  identification. 

The  size  of  the  individual  yeast  cells  varies  enormously,  even  in 
those  of  the  same  species  or  the  same  culture.  In  old  colonies  indi- 
viduals may  be  found  hardly  larger  than  cocci,  1  to  2/i  in  diameter, 
while  in  otfier  colonies,  especially  on  the  surface  of  a  liquefied  me 
diimi,  giant  yeast  cells  are  found  often  attaining  a  diameter  of  40/* 
or  more.  In  spite  of  these  wide  fluctuations,  however,  the  various 
species  are  characterized  by  a  fairly  definite  average  in  size  and 
form. 

During  the  process  of  budding  the  nucleus  of  the  cell  moves 
toward  the  margin,  where  it  divides.  At  this  point  the  limiting 
membrane  of  the  cell  ruptures  or  usually  a  hernia-like  protrusion 
develops  which  has  the  appearance  of  a  button  attached  to  the  cell. 
The  daughter-cell  so  formed  rapidly  increases  in  size  and  gradually 
assumes  the  shape  and  size  of  the  mother-cell. 

A  fact  of  the  utmost  importance  for  the  propagation  of  the  blasto- 
mycetes  and  continuation  of  the  species  is  the  formation  of  spores. 
In  this  also  the  cell  nucleus  takes  part,  dividing  into  several  frag- 
ments, each  of  which  becomes  the  centre  of  a  new  cell  lying  within 
the  original  cell.  These  new  cells  possess  a  firm  membrane,  a  cell 
nucleus,  and  a  little  dense  protoplasm.  The  number  of  spores  de- 
veloped in  the  yeast  cells  varies,  but  is  constant  for  a  given  species. 
As  a  rule,  one  cell  does  not  produce  more  than  four  endogenous 
spores,  so-called  astros pores;  but  species  have  been  observed — e.  g., 
Schizosaccharomyces  octosporus  (Beijerinck) — in  which  eight  spores 
are  found. 

The  vitality  of  yeasts  is  truly  enormous.  Hansen  as  well  as  Lind- 
ner were  able  to  obtain  a  growth  from  cultures  twelve  years  old. 
Busse  succeeded  in  getting  a  luxuriant  growth  from  a  dry  potato 
culture  seven  and  a  half  years  old,  whidi  was  almost  as  hard  as  bone. 

As  stated  above,  the  most  important  property  of  yeasts  is  that  of 
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producing  alcoholic  fermentation.  While  a  large  number  of  yeasts 
are  merely  able  to  decompose  dextrose  into  alcohol  and  carbon  diox- 
ide, there  are  some  which  ferment  cane-sugar,  others  which  invert 
and  ferment  starch;  in  fact,  all  kinds  of  carbohydrates  may  be  de- 
composed. As  was  first  shown  by  Buchner,  the  fermentation  is  due 
to  enzymes  produced  by  the  yeast  cells.  These  enzymes  differ  in 
the  different  species,  and  hence  also,  their  action  differs. 

The  pathogenic  blastomycetes  may  be  briefly  summarized  as  fol- 
lows: 

Saccharomyces  Busse,  isolated  in  1894  by  O.  Busse  from  the  tibia 
of  a  thirty-one-year-old  woman,  who  died  thirteen  months  after  the 
first  symptoms  appeared.  The  autopsy  showed  numerous  broken- 
down  nodules  on  several  of  the  bones,  in  the  lungs,  spleen,  and  kid- 
neys.    The  yeast  was  cultivated  from  all  these  foci  (Fig.  147). 

Saccharomyces  sxibcutaneus  tumefaciens,  isolated  in  1895  by 
Curtis.     The  patient  was  a  young  man  showing  multiple  tumors  on 
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Saccharomyces  Busse.     x  350  diameters.      (Prom  Koile  and  Wassermann.) 

the  hips  and  neck  having  the  gross  appearance  of  softened  myxosar- 
comata. 

This  yeast  is  pathogenic  for  rats,  mice,  and  dogs,  only  slightly  so 
for  rabbits,  and  not  at  all  for  guinea-pigs. 

Gilchrist  has  described  a  case  of  pseudolupus  vulgaris  caused  by  a 
blastomyces.  The  disease  lasted  ten  years,  during  which  time  many 
nodules  developed  on  the  face,  back  of  the  hands,  scrotum,  thigh,  and 
neck.  The  nodules  ulcerated  and  then  healed,  leaving  scars.  Busse 
believes  that  this  organism  should  be  classed  with  oidium,  and  this 
opinion  is  shared  by  Busdike. 

In  a  ease  reported  by  Ilektoen  in  1899  that  author  describes  skin 
lesions  very  similar  to  those  observed  by  Gilchrist  The  organism 
obtained  on  cultivation,  however,  differed  somewhat  from  Gildirist^s. 
Injected  into  rats  this  yeast  produced  abscesses  and  caused  the  death 
of  the  animal  in  five  days. 
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Lundsgaard  reported  a  ease  of  ophthalmia  due  to  a  yeast.  His 
patient,  a  man  thirty-four  years  old,  had  a  severe  hypopyon  kera- 
titis, in  the  pus  of  which  many  yeast  cells  were  present.  Pure  cul- 
tures of  these  inoculated  into  guinea-pigs  produced  abscess  both  at  the 
site  of  inoculation  and  in  the  lymph  glands. 

Buschke  isolated  a  yeast  from  a  cervical  discharge  in  which  no 
gonooocci  were  present.     The  yeast  was  pathogenic  for  guinea-pigs. 

In  1895  Dr.  G.  Tokishige  reported  an  epidemic  quite  common 
among  horses  in  Japan,  known  as  "  Japanese  worm,"  "  benign 
worm,"  or  "  pseudoworm,"  which  -is  caused  by  one  ^f  the  sacdiaro- 
myoes.  This  disease  begins  in  the  skin  in  the  form  of  hard,  pain- 
less nodules  from  the  size  of  a  pea  to  that  of  a  walnut  These  break 
down  and  give  rise  to  gradually  extending  ulcers.  Pure  cultures  of 
the  saocharomyces  are  pathogenic  only  for  horses,  not  for  rabbits, 
guinea-pigs,  or  hogs.  In  the  districts  where  the  disease  prevails 
among  horses  it  is  also  frequently  seen  in  cattle. 

Shortly  after  Tokishige's  publication  a  similar  disease  occurring 
in  horses  in  Italy  and  southern  France  was  identified  as  being 
caused  by  saccharomyces.  Cultures  of  this  yeast  however,  diflfer 
somewhat  from  that  obtained  in  Japan ;  so  that  Busse  is  inclined  to 
regard  the  two  as  two  different  species  of  blastomycetes. 

In  recent  years  the  attempt  has  been  made  to  connect  the  develop- 
ment of  cancerous  growth  with  blastomycetes.  This  is  due  in  a 
measure  to  a  certain  similarity  betwe<?n  the  yeasts  and  the  cell  in- 
clusions or  so-called  "  parasites  "  of  cancer,  and,  further,  to  the  fact 
that  when  yeasts  are  injected  into  the  animal  body  tumor-like  nod- 
ules are  often  developed  at  the  site  of  inoculation  and  in  the  internal 
organs.  But  these  nodules  are  not  tumors  in  the  pathological  sense 
of  the  term,  but  merely  masses  of  blastomycetes  mixed  with  inflam- 
matory tissue  proliferations  to  a  very  variable  degree.  At  the 
present  time  Sanfelice  and  his  pupils  are  perhaps  the  only  ones  who 
regard  the  thickenings  produced  in  the  tissues  by  Saccharomyces 
neoformans  as  true  tumors.  His  work,  however,  is  not  at  all  con- 
vincing. 

DISEASES  IN  WHICH  THE  inCROOBGANISMS  EXCITINa  THEM 
ARE  AS  TET  UNDETECTED. 

Measles. — Many  bacteria  as  well  as  bodies  supposed  to  be  protozoa 
have  been  described  by  various  investigators  as  occurring  on  the 
mucous  membranes  or  in  the  blood  of  those  sick  of  measles.  None 
of  these  have  been  established  as  the  exciting  factor.  Hektoen  has 
recently  transferred  blood  from  a  case  of  measles  to  two  individuals 
and  so  communicated  the  disease. 

Scarlet  Fever. — ^Both  streptococci  and  protozoa  have  been  described 
as  the  exciting  factors  in  this  disease,  as  already  previously  men- 
tioned. The  streptococci  are  certainly  present,  but  are  looked  upon 
by  most  as  secondary  invaders.     They  undoubtedly  add  greatly  to 
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the  gravity  of  the  disease.  The  bodies  described  by  Mallory  as 
protozoa  are  still  under  investigation,  and  will  be  described  in  the 
section  ^  on  Protozoa.  Serum  treatment  has  been  used  to  overcome 
the  streptococcus  infection.  The  best  results  have  been  obtained  in 
Vienna,  and  by  Moser.  He  uses  a  serum  obtained  from  horses  re- 
ceiving multiple  cultures  from  cases  of  scarlet  fever.  Only  about 
one  horse  in  three  gives  a  curative  serum.  The  doses  used  are  very 
large  (100  to  200  cc).     The  results  claimed  are  very  striking. 

Typhus  Fever. — ^Nothing  has  as  yet  been  determined  concerning 
the  microorganisms  exciting  this  disease. 

Smallpox. — Streptococci  as  secondary  invaders  add  here,  as  in 
scarlet  fever,  a  dangerous  infection.  The  status  of  protozoa  is  de- 
scribed fully  under  the  section  on  Protozoa. 

Babies  (Hydrophobia). — No  bacteria  have  been  discovered  that 
are  considered  as  factors.  The  probability  of  the  negri  bodies  being 
protozoa  and  the  exciting  factor  is  considered  under  Protozoa. 

Whooping-cough. — Jochmann  and  Krause,  in  Germany,  and 
Wollstein,  in  this  country,  have  shown  that  bacilli  differing  slightly 
in  cultural  reactions  and  in  agglutination  from  typical  influenza  ba- 
cilli can  be  detected  in  practically  all  oases  of  whooping-cough  dur- 
ing the  acute  stages.  Wollstein  proved  that  the  blood  of  cases  of 
whooping-cough  agglutinated  these  bacilli  frequently  in  dilutions  of 
1 :  200  and  over.  The  question  is  still  undecided  but  it  seems  prob- 
able that  these  bacilli  are  nothing  more  than  very  frequent  causes  of 
secondary  infection. 

Pemphigus  Neonatomm. — Several  micrococci  have  been  described 
as  the  cause  of  infection. 

Impetigo  Contagiosa. — The  findings  have  been  similar  to  those  in 
pemphigus. 

Scurvy. — This  disease  is  probably  not  due  to  microorganisms. 

Mumps. — Diplococci  have  been  considered  by  several  investiga- 
tors as  possibly  being  the  exciting  organisms. 

Noma.  — It  is  as  yet  undecided  whether  this  disease  is  due  to  one 
or  to  several  microorganisms.  A  special  predisposition  of  the 
tissues  is  necessary.  A  streptothrix,  pseudodiphtheria  bacilli,  and 
diphtheria  bacilli  have  been  the  organisms  most  frequently  present. 

Articular  Bheumatism. — The  specific  organisms  of  this  disease 
have  been  sought  in  the  synovial  fluid,  blood,  v^etations  on  heart 
valves,  and  in  the  exudates  on  tonsils,  etc.  Streptococci  have  been, 
of  all  bacteria,  most  frequently  found.  They  grow  in  short  chains 
or  as  diplococci.  Most  bacteriologists  believe  the  exciting  factor 
has  not  yet  been  identified  and  that  the  streptococci  and  other  cocci 
are  important  secondary  infections. 

Beriberi. — Microorganisms,  both  of  bacterial  and  protozoan  na- 
ture, have  been  considered  as  the  exciting  factor,  but  nothing  definite 
has  been  proven. 

Invisible  or  Ultra-microscopical  Organisms. — There  exists  a  class 
of  infectious  diseases  from  which  it  has  b^en  quite  impossible  up  to 
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the  present  time  to  demonstrate  visibly  any  microorganism,  al- 
though infective  material  from  such  diseases  may,  with  certain  pre- 
cautions, be  passed  through  stone  filters  of  varying  degrees  of  poros- 
ity (but  which  will  not  allow  the  smallest  visible  bacteria  to  pass)  ; 
the  filtrates  will  contain  the  virus  and  be  capable  of  reproducing  the 
disease  with  all  its  characteristic  symptoms  when  inoculated  into  a 
susceptible  animal. 

Examined  microscopically,  even  with  the  highest  powers,  the  fil- 
trate is  limpid,  and,  except  in  one  or  two  diseases,  which  will  be  de- 
scribed in  detail  later  on,  not  the  faintest  sign  of  particulate  matter 
can  be  seen. 

Certain  precautions  must  be  observed  in  such  filtrations.  In  the 
first  place  the  filter  must  be  shown  by  actual  test  to  be  free  from 
imperfections — ^any  and  all  of  the  known  bacteria  must  be  abso- 
lutely retained  and  none  pass  into  the  filtrate.  The  filtration  must 
be  completed  within  a  moderate  time,  because  even  bacteria  as  large 
as  the  typhoid  bacillus  may,  in  media  containing  a  certain  amount 
of  albuminous  material,  grow  through  the  filter. 

If,  after  all  the  proper  precautions  have  been  taken,  the  filtrate 
is  pathogenic,  one  must  be  certain  that  the  symptoms  are  due  to  a 
microorganism  and  not  to  a  toxin — ^this  may  be  decided  with  almost 
absolute  certainty  by  inoculating  a  series  of  animals,  each  with  the 
filtrate  obtained  from  a  previously  so  inoculated  animal — it  is  im- 
possible with  our  present  knowledge  to  conceive  that  toxin  or  enzyme 
can  be  potent  enough  to  cause  symptoms  after  the  enormous  dilution 
it  receives  in  passage  throu^  the  animals,  using  a  filtered  virus  for 
the  first  animal  and  a  filtered  virus  for  the  second  obtained  from  a 
portion  of  the  infected  material  of  the  first 

Among  the  best  known  ultra-microscopical  diseases  are: 

Foot  and  Mouth  Disease. — A  highly  infectious  disease  of  cows. 
Other  domestic  animals,  as  well  as  man,  may  also  be  attacked,  the 
latter  becoming  infected  by  drinking  the  milk  of  animals  suffering 
from  this  diseasa  It  is  characterized  by  the  appearance  of  vesicles 
in  the  mouth,  around  the  coronet  of  the  foot  as  well  as  between  the 
toes.  The  organism  was  discovered  by  Lofiler  and  Frosch  in  1898, 
who  obtained  it  as  follows :  after  diluting  the  contents  of  an  unbroken 
vesicle  with  20  to  30  times  its  volume  of  water,  the  resulting  fluid 
was  passed  through  a  Berkefeld  filter.  The  filtrate  contains  the 
virus  and  remains  infectious  for  some  time. 

Contagious  Plenro-pneumonia  of  Cattle. — This  malady  affects 
bovines  but  not  other  species.  Typically  there  is  an  inflammation 
of  the  lungs  and  the  pleura  which  is  invasive  and  causes  necrosis  of 
the  diseased  parts.  Nocard  and  Roux  succeeded  in  cultivating  the 
organism  in  collodion  sacs  placed  in  the  peritoneal  cavity  of  rabbits, 
using  a  mixture  of  serum  and  bouillon.  After  two  weeks  a  very 
faint  turbidity  appeared  in  the  sacs:  coincidently  the  fluid  became 
infective.  The  organisms  will  pass  a  Berkefeld  and  Chamberland 
F  filter,  but  not  a  Chamberland  B. 
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Mosaic  Diseases  of  Tobacco. — The  young  leaves  become  devoid  of 
chlorophyll  in  spots,  which  enlarge,  turn  brown,  and  the  underlying 
tissue  becomes  necrotic.  Beijerinck  in  1899  showed  that  the  fil- 
trate from  a  porcelian  filter  promptly  reproduced  the  disease  on  to- 
bacco leaves,  and  he  was  inclined  to  believe  the  virus  was  in  true 
solution. 

South  African  Horse  Sickness. — It  occurs  in  warm  weather  as  a 
rule,  and  is  said  to  be  more  common  in  animals  whidi  do  not  pass 
the  night  under  cover.  The  horses  are  uneasy,  have  difiiculty  in 
breathing,  and  a  reddish  froth  exudes  from  their  mouth.  The 
temperature  rises  in  the  daytime,  but  has  a  tendency  to  drop  at 
night.  In  severe  cases  an  oedematous  swelling  of  the  head  and  neck 
may  appear.  MacFadycan  succeeded  in  passing  blood  serum  of  a 
diseased  horse  (diluted)  through  a  Berkefeld  and  Chamberland  F, 
but  not  through  a  B  filter. 

Avian  Pest  or  Kyanolophila. — Hens  and  chickens  attacked  by  this 
disease  refuse  to  eat,  their  feathers  become  ruffled,  they  are  drowsy 
and  do  not  respond  readily  to  stimuli.  Their  comb  becomes  purple 
— ^hence  the  name  Kyanophila.  Just  before  death  the  body  tempera- 
ture sinks  rapidly,  and  may  even  go  below  30°  C.  The  blood  and 
extracts  of  the  organs  are  very  virulent  Both  the  Berkefield  and 
Chamberland  F  filters  offer  no  impediment  to  the  passage  of  the 
virus. 

Dengue. — Quite  recently  Ashburn  and  Craig  claim  to  have  re- 
produced dengue  in  susceptible  individuals  by  a  similar  procedure 
to  that  employed  in  yellow  fever.  The  virus  passes  a  Berkefeld  filter. 
The  intermediary  host  in  natural  infection  is  claimed  by  them  to  be 
Ctdex  fatigcms. 

Yellow  Fever. — The  bacillus  described  by  Sanarelli  as  the  exciting 
factor  is  now  known  to  be  at  most  a  rather  frequent  secondary  in- 
vader. Reed,  Caroll,  and  Agramont©  have  shown  that  the  Stego- 
myia  fasciata  is  the  only  carrier  of  the  infecting  agent.    See  Protozoa. 


CHAPTER  XXXVII. 

THE  BACTERIOLOGICAL  EXAMINATION  OF  WATER,  AIR,  AND 

SOIL— THE  CONTAMINATION  AND  PURIFICATION  OF 

WATER— THE  DISPOSAL  OF  SEWAGE. 

The  bacteriological  examination  of  water  is  undertaken  for  the 
purpose  of  discovering  whether  any  jmthogenic  bacteria  are  liable 
to  be  present.  The  determination  of  the  number  of  bacteria  in 
water  was  for  a  time  considered  of  great  importance,  then  it  fell  into 
disrepute,  and  the  attempt  was  made  to  isolate  the  specific  germs  of 
diseases  which  were  thought  to  be  water-borne.  At  first  these  at- 
tempts seemed  very  successful  in  that  supposed  typhoid  bacilli  and 
cholera  spirilla  were  found.  Further  study  revealed  the  fact  that 
there  were  common  water  and  intestinal  bacteria  whidi  were  so 
closely  allied  to  the  above  forms  that  the  tests  applied  did  not  sep- 
arate them.  Even  the  use  of  a  serum  from  an  animal  immunized  to 
injections  of  the  typhoid  bacillus  was  found  to  agglutinate  some  other 
bacteria  in  high  dilutions ;  so  that  the  test  as  usually  carried  out  was 
insufficient  With  the  latest  technique  it  is  probable  that  absorption 
tests  with  the  serum  from  an  immunized  animal  will  be  sufficient  to 
decide  whether  a  suspected  bacillus  is  the  typhoid  bacillus  or  not- 
The  improbability  of  getting  typhoid  bacilli  from  suspected  water 
except  under  unusually  favorable  conditions  caused  a  return  to  the 
estimation  of  the  number  of  bacteria  in  water  and  above  all  to  the 
estimation  of  the  number  of  intestinal  bacteria.  It  is  known  that 
the  group  of  colon  bacilli  have  about  the  same  duration  of  life  as 
the  typhoid  bacilli,  and  as  the  colon  bacilli  come  chiefly  or  wholly 
from  the  intestinal  passages  of  men  and  animals,  it  was  fair  to 
assume  that  tyjAoid  bacilli  could  not  occur  without  the  presence  of 
the  colon  bacillus  except  in  rare  cases,  as  for  example,  pollution 
with  urine  alone.  The  latter  could,  of  course,  occur  abundantly 
without  the  typhoid  bacillus. 

During  the  past  few  y^ars  the  attention  of  sanitarians  has  been 
seriously  devoted  to  the  interpretation  of  the  presence  of  smaller  or 
larger  numbers  of  colon  bacilli  in  water,  until  at  present  upon  the 
quantitative  analysis  (measuring,  within  certain  limits,  decomposing 
organic  matter)  and  the  colon  test  (indicating  more  specifically  that 
pollution  derived  from  intestinal  discharges  of  man  or  animals)  the 
bacteriological  analysis  of  water  is  based. 

Technique  or  Quantitative  Analsrsis. — The  utmost  care  is  neces- 
sary to  get  reliable  results.  A  speck  of  dust,  a  contaminated  dish,  a 
delay  of  a  few  hours,  an  improperly  prepared  agar  or  gelatin,  a  too 
high  or  too  low  temperature,  may  introduce  an  error  or  variation  ir. 
results  which  would  make  a  reliable  test  impossible. 
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Collection  of  Samples. — The  small  sample  taken  must  represent  the 
whole  from  which  it  was  drawn.  If  a  brook-water,  it  must  be  taken 
some  distance  from  the  bank ;  if  from  a  tap,  the  water  in  the  pipes 
must  first  be  run  off,  for  otherwise  the  effect  of  metallic  substances 
will  invalidate  the  results;  if  from  lake  or  pond,  the  surface  scum 
or  bottom  mud  must  be  avoided,  but  may  be  examined  separately. 
The  utensils  by  which  the  water  is  taken  should  be  of  a  good  quality 
of  glass,  clean  and  sterile.  From  a  brook  the  water  can  be  taken 
directly  into  a  bottle,  the  stopper  being  removed  while  it*  fills,  avoid- 
ing the  surface  film  and  its  attending  excessive  numbers  of  bacteria ; 
from  a  river  or  pond  it  can  be  taken  from  the  bow  of  a  small  boat, 
or  from  a  bottle  properly  fastened  on  the  end  of  a  pole  so  as  to 
avoid  contamination ;  from  a  well  a  special  apparatus  has  been  devised 
by  Dr.  A.  C.  Abbott,  where  a  bottle  with  a  leaded  bottom  is  so  held 
that  when  lowered  to  the  proper  depth  a  jerk  will  remove  the  cork 
and  allow  the  bottle  to  fill.  The  satne  device  can  be  rigged  up 
readily  by  anyone.  The  sample  of  water  should  be  tested  as  soon 
as  possible,  for  the  bacteria  immediately  be^n  to  increase  or  de- 
crease. In  small  bottles  removed  from  the  light  predatory  micro- 
organisms and  many  bacteria  begin  to  increase,  and  among  these  are 
the  members  of  the  colon  group.  Thus,  the  Franklands  record  a 
case  in  which  in  a  sample  of  well-water  kept  during  three  days  the 
bacteria  increased  from  7  to  495,000 ;  while  Jordan  found  that  in  a 
sample  the  bacteria  in  forty-eight  hours  fell  from  535,000  to  54,500. 
In  a  sample  I  took  from  the  Croton  River  the  colon  bacilli  during 
twenty-four  hours  increased  from  10  to  100  per  cc.  The  only  safe 
way  to  prevent  this  increase  is  to  plate  and  plant  the  water  in  fer- 
mentative tubes  within  a  space  of  one  or  two  hours.  It  is  far  better 
to  make  the  cultures  in  the  open  field  or  in  a  house  rather  than  to 
wait  six  to  twelve  hours  for  the  conveniences  and  advantages  of  the 
laboratory.  If  sent  to  the  laboratory,  water  should  be  kept  at  about 
5°  C.  (4r  F.). 

The  third  matter  of  great  importance  is  the  adding:  of  proper 
amounts  of  water  to  the  broth  in  the  fermentation  tubes  and  the 
media  for  planting.  Usually  1  cc.,  0.1  cc,  and  0.01  cc.  are  added 
to  the  fermentation  tubes  and  to  10  cc.  of  the  melted  nutrient  agar 
or  gelatin.  If  possible  duplicate  tests  should  always  be  made. 
When  it  is  desired  to  know  whether  colon  bacilli  are  present  in  larger 
amounts  than  1  cc,  quantities  as  great  as  10  or  100  e.c,  can  be 
added  to  bouillon,  and  then  after  a  few  hours  1  cc  added  to  fer- 
mentation tubes.  I^ss  than  twenty  colonies  and  more  than  two 
hundred  on  a  plate  give  inaccurate  counts,  the  smaller  number  being 
too  few  to  judge  an  average  and  the  larger  number  interfering  with 
each  other.  When  as  many  as  10,000  colonies  develop  in  the  agar 
contained  in  one  plate,  it  will  be  found  that  these  will  develop  in  a 
second  plate  containing  but  one-tenth  the  amount  of  water  from  20 
to  50  per  cent  as  many  colonies.     This  shows  that  the  crowding  of 
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the  colonies  had  prevented  the  growth  of  all  but  one-fifth  to  one-half 
of  them. 

The  chemical  composition  of  the  medium  on  which  the  bacteria  are 
grown  affects  the  result  of  the  analysis.  Nutrient  1.5  per  cent,  agar 
gives  slightly  lower  counts  than  gelatin,  but  on  account  of  its  con- 
venience in  summer  and  its  greater  uniformity  it  is  being  more  and 
more  generally  used  for  routine  quantitative  work.  There  is  an 
optimum  reaction  for  every  variety  of  bacteria,  and  to  ensure  uni- 
formity the  committee  of  the  American  Public  Health  Association 
adopted  a  standard  reaction  of  +  1.0  per  cent,  which  was  as  near  as 
possible  to  the  average  optimum  for  water  bacteria.  Such  a  uniform 
standard  is  a  necessity  to  secure  comparability  of  results.  At  best 
only  a  certain  proportion  of  bacteria  develop,  and  it  is  only  important 
that  our  counts  represent  a  section  through  the  true  bacterial  flora 
which  fairly  represents  the  quick-growing  sewage  forms.  Compara- 
bility is  the  vitally  essential  factor. 

The  temperature  at  which  the  bacteria  develop  is  of  great  impor- 
tance, and  they  should  be  protected  from  light  The  access  of  oxy- 
gen which  prevents  the  growth  of  anaerobes  must  also  not  be  for- 
gotten. As  a  rule,  the  plate  cultures  are  developed  for  four  days 
at  20-21°  C,  and  for  twenty-four  or  forty-eight  hours  at  incubator 
temperature.  Some  bacteria  do  not  develop  colonies  in  four  days, 
but  these  are  neglected.  The  number  of  bacteria  growing  at  room 
temperature  is  usually  much  greater  than  those  growing  at  37°. 

The  lactose  broth  is  placed  at  37°  C.  for  the  development  of  the 
colon  bacilli.  The  fermentation  tubes  not  showing  gas  are  recorded 
as  negative  and  usually  discarded.  Those  showing  gas  are  suspected 
to  contain  colon  bacilli.  To  a  number  of  tubes  containing  melted 
litmus-lactose  agar  at  about  44°  C.  are  added  1,  0.1,  and  0.01  loop 
of  the  culture  fluid.  Plates  are  poured  and  the  whole  placed  in  the 
incubator.  The  Bacillus  coli  ferments  lactose  and  thus  produces 
acid;  so  that  if  colon  bacilli  are  present  we  have  a  number  of  red 
colonies  on  a  blue  field.  Later,  if  many  colon  bacilli  were  present; 
the  whole  medium  becomes  acid.  At  forty-eight  hours,  on  account 
of  alkali  being  produced  by  the  formation  of  NHg,  the  blue  color 
returns.  If  after  inspection  red  colonies  are  seen,  four  or  five  are 
picked  and  planted  into  glucose  bouillon  and  other  media.  Litmus 
lactose  agar  is  frequently  used  for  the  original  plating  of  water 
samples,  the  absence  or  presence  of  acid  producing  colonies  being 
thus  immediately  noted.  For  a  more  complete  understanding  of 
the  technic  and  the  interpretation  of  results  of  the  bacteriological  ex- 
amination of  water  see  Elements  of  Water  Bacteriology — ^Prescott 
and  Winslow. 

For  the  characteristics  of  the  colon  bacilli  the  Massachusetts  State 
Board  of  Health  uses  six  media — ^gelatin,  lactx)se  agar,  dextrose  broth, 
milk,  nitrate  solution,  and  peptone  solution,  determining  respectively 
absence  of  liquefaction,  production  of  gas,  turbidity,  coagulation 
Avithout  liquefaction  of  the  coagulum,  products  of  nitrite  and  indol. 
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Significance  of  the  Colon  Bacillus. — The  colon  test  has  been  re- 
ceived by  the  majority  of  engineers  and  practical  sanitarians  with 
great  satisfaction,  and  has  been  applied  witfi  confidence  to  the  exami- 
nation, not  only  of  water,  but  of  shell-fish  and  other  articles  of  food  as 
well.  On  the  other  hand,  some  have  denied  its  value.  Bacteriologists 
have  found  bacilli  like  certain  members  of  the  colon  group  in  ap- 
parently unpolluted  well-water.  The  discovery  that  animals  and 
some  plants  have  colon  bacilli  identical  in  the  usual  characteristics 
studied  with  those  of  man  has  complicated  matters.  Thus  a  fresh 
hillside  stream  may  be  loaded  with  colon  bacilli  from  the  washings 
of  horse  or  cow  manure  put  on  the  fields  through  which  it  runs,  or 
polluted  by  a  stray  cow  or  horse.  Swine,  hens,  birds,  etc.,  may  con- 
taminate in  unsuspected  ways.  The  number  of  colon  bacilli  rather 
than  their  presence  in  any  body  of  surface  water  is  therefore  of  im- 
portance. In  well  and  spring  water  the  presence  of  colon  bacilli 
indicates  contamination.  The  absence  of  colon  bacilli  in  water 
proves  its  harmlessness  so  far  as  bacteriology  can  prove  it  When 
the  colon  bacillus  is  present  so  as  to  be  isolated  from  1  cc  of  water 
in  a  series  of  tests,  it  is  reasonable  proof  of  pollution  and  the  con- 
ditions should  be  investigated.  Ten  colon  bacilli  in  1  ac.  indicates 
serious  pollution,  and  very  likely  a  dangerous  one.  Winslow  reports 
that  in  only  two  out  of  fifty-eight  samples  of  presumably  non-polluted 
waters  did  he  get  colon  bacilli  in  the  1  c.c  samples.  Even  in  twenty- 
one  stagnant  pools  he  only  found  colon  bacilli  in  five  of  the  1  c.c. 
samples. 

The  experience  of  all  who  have  studied  the  subject  practically  is 
that  in  delicacy  the  colon  test  surpasses  chemical  analysis;  in  con- 
stancy and  definiteness  it  also  excels  the  quantitative  bacterial 
count     All  these  tests  must  be  supplemented  by  inspection. 

Interpretation  of  the  Quantitative  Analysis. — The  older  experi- 
menters attempted  to  establish  arbitrary  standards  by  which  the 
sanitary  quality  of  water  could  be  fixed  automatically  by  the  number 
of  germs  alone.  This  has  been  largely  given  up.  Dr.  Sternberg 
considers  that  a  water  containing  less  than  100  bacteria  is  presum- 
ably from  a  deep  source  and  unoontaminated  by  surface  drainage; 
that  one  with  500  bacteria  is  open  to  suspicion;  and  that  one  with 
over  1000  bacteria  is  presumably  contaminated  by  sewage  or  surface 
drainage.  Even  this  conservative  opinion  must  be  applied  with 
caution.  The  source  of  the  sample  is  of  vital  importance  in  the 
interpretation;  thus,  a  bacterial  count  which  would  condemn  a 
spring  or  well  might  be  normal  for  a  river.  In  woodland  springs 
and  lakes  several  hundred  bacteria  per  c.c.  are  frequently  found. 
In  lakes  the  point  at  which  the  sample  is  taken  is  of  great  importance, 
as  the  bacterial  count  varies  with  the  distance  from  the  shore  and 
with  the  depth.  The  weather  also  is  an  influence,  since  the  wind 
causes  currents  and  waves  which  stirs  up  the  bottom  mud,  bringing 
up  organisms  which  have  been  sedimcnted.  Rains  greatly  influence 
streams  by  flooding  them  with  surface  water  bringing  a  huge  num- 
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ber  of  bacteria  at  times.  The  season  of  the  year  is  an  important 
factor.  The  counts  are  highest  in  the  winter  and  spring  months, 
and  lower  from  April  to  September. 

The  following  figures  illustrate  this  point: 

Water.  Observer.  Year.     Jan.  Feb.  March.  April.  May.  Jane. 

New  York  City  tap-water.  Houghton  1904      890  1100      650  240      350      370 

Boston                         "  Whipple  1892      135  211      102  52        53        86 

Merrimac   River       "  Clark  1899   4900  5900    6300  2900    1900    3500 

The  winter  and  spring  increases  are  not  exceptions  to  the  rule 
that  high  numbers  indicate  danger  but  an  indication  of  its  truth, 
for  it  means  a  melting  of  the  snow  and  a  flow  of  surface  water  into 
the  streams  without  the  usual  filtering  soil  filtration.  A  number  of 
severe  epidemics  of  typhoid  fever  have  been  produced  in  this  way. 
It  is  only  the  fact  that  typhoid  fever  is  at  a  minimum  in  winter  that 
prevents  more  frequent  pollution.  Although,  as  a  rule,  a  series  of 
tests  are  necessary  to  pass  judgment  on  a  water,  a  single  test  may  be 
very  important  A  large  increase  in  the  number  in  tap-water  a 
day  after  a  storm  points  unerringly  to  surface  pollution,  and  if 
towns  exist  in  the  water-shed,  to  street  and  sewer  pollution.  The 
Croton  water  frequently  jumps  from  hundreds  to  thousands  after 
such  a  storm. 

In  a  typhoid  epidemic  at  Newport,  Winslow  reports  that  a  test 
of  the  water  supply  showed  but  334  bacteria  per  cubic  centimetre, 
but  one  from  a  well  showed  6100.  The  suspicion  aroused  was  justi- 
fied by  finding  all  the  typhoid  cases  had  gotten  water  from  this  well. 

The  study  of  the  bacterial  effluent  from  municipal  water  filters 
is  the  only  way  in  which  the  efiiciency  of  the  filter  and  the  accidents 
which  occur  can  be  determined.  In  Germany  these  regular  tests 
are  obligatory.  Elaborate  studies  have  recently  been  made  of  the 
exact  distribution  of  streams  of  sewage  in  bodies  of  water  into  which 
they  flow,  their  disappearance  by  dilution  and  sedimentation,  and 
their  removal  by  death.  Under  peculiar  conditions  bacteria  in 
water  may  increase  for  a  time,  but  here  the  prevailing  bacteria  be- 
long almost  exclusively  to  one  type. 

Streptococci  in  Sewage. — The  varieties  of  streptococci  found  most 
often  in  polluted  water  correspond  to  the  streptococci  described  by 
Houston.  In  some  water  in  which  these  are  found  no  B,  coli  have 
been  found  and  there  is  considerable  doubt  in  such  cases  as  to 
whether  the  streptococci  imply  serious  pollution.  The  streptococci 
remain  alive  much  longer  than  the  colon  bacilli,  and  therefore,  prob- 
ably, than  the  typhoid  bacillus.  In  England  the  examination  for 
streptococci  in  water  is  much  more  regularly  done  than  in  America. 

Other  Bacteria. — ifost  of  the  bacteria^  which  develop  in  the  intes- 
tines of  man  and  animals  necessarily  occur  in  polluted  water  and 
an  examination  for  some  of  those  has  been  advocated  by  many,  such 
as  the  B.  enteritidis  sporogenes,  other  anaerobic  spore  formers,  the 
various  members  of  the  typhoid-colon  group  and  the  proteus  group. 
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Isolation  of  the  Typhoid  Bacillus  from  Water.— If  it  were  possi- 
ble to  readily  obtain  the  typhoid  bacilli  from  water,  when  they  were 
present  in  small  numbers,  its  examination  for  that  purpose  would 
be  of  much  greater  value  than  it  is  now ;  but  we  have  to  remember 
that  we  can  only  examine  at  one  time  a  few  cubic  centimetres  of 
water  by  bacteriological  methods,  and  that  although  the  typhoid 
bacilli  may  be  sufficiently  abundant  in  the  water  to  give,  in  the 
quantity  that  we  ordinarily  drink,  a  few  bacilli,  yet  it  must  be  a  very 
lucky  diance  if  they  happen  to  be  in  the  small  amount  which  we 
examine.  Still,  further,  although  it  is  very  easy  to  isolate  typhoid 
bacilli  from  water  when  they  are  in  considerable  numbers,  yet  when 
they  are  a  very  minute  proportion  of  all  the  bacteria  present  it  is 
almost  impossible  not  to  overlook  them.  Many  attempts  have  been 
made  to  devise  some  method  by  which  the  relative  number  of  the 
typhoid  and  other  parasitic  bacteria  present  in  water  could  be  in- 
creased at  the  expense  of  the  saprophytic  bacteria.  Thus  to  100 
c.a  of  water  25  c.c.  of  a  4  per  cent,  peptone  nutrient  bouillon  is 
added,  and  the  whole  put  in  the  incubator  at  37°  C.  for  twenty-four 
hours.  From  this,  plate  cultures  are  made.  As  a  matter  of  fact, 
the  typhoid  bacillus  is  rarely  found,  even  in  specimens  of  water 
where  we  actually  know  that  it  is  or  has  been  present  because  of 
cases  of  typhoid  fever  which  have  developed  from  drinking  the  water. 
From  these  facts  we  must  consider  our  lack  of  finding  the  bacillus 
in  any  given  case  as  absolutely  no  reason  for  considering  the  water 
to  be  free  from  danger.  Another  serious  drawback  to  the  value  of 
the  examinations  for  the  typhoid  bacillus  is  that  they  are  frequently 
made  at  a  time  when  the  water  is  really  free  from  contamination, 
though  both  earlier  and  later  the  bacillus  was  present  It  is  hardly 
worth  while,  therefore,  except  in  careful  experimental  researches,  to 
examine  the  water  for  the  typhoid  bacillus,  but  rather  study  the 
location  of  the  surrounding  privies  and  sources  of  contamination. 
A  number  of  observers,  resting  on  the  agglutination  test,  have  thought 
they  have  isolated  typhoid  bacilli  from  the  soil  and  water,  but  these 
investigators  had  not  considered  sufficiently  the  matter  of  group 
agglutinins,  and  their  results  are  not  trustworthy. 

CONTAMINATION  AND  PUBIFIOATION  OF  DBINEINa  WATERS. 

Brook-water  and  river-water  are  contaminated  in  two  ways: 
through  chemicals,  the  waste  products  of  manufacturing  establish- 
ments, and  through  harmful  bacteria  by  the  contents  of  drains, 
sewers,  etc,  the  latter  method  being  by  far  the  more  dangerous. 

When  water,  which  has  been  soiled  by  waste  products  of  manu- 
factories only,  becomes  so  diluted  or  purified  that  the  cobtamina- 
tion  is  not  noticeable  to  the  senses  and  shows  no  dangerous  pnJducts 
on  chemical  analysis,  it  is  probably  safe  to  drink.  When  sewagcf  is 
the  contamination  this  rule  no  longer  holds,  and  there  may  be  no 
chemical  impurities  and  no  pathogenic  bacteria  found,  and  yet  dis- 
32 
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ease  be  produced.  That  river-water  which  has  been  fouled  by  sew- 
age will,  by  oxidization,  dilution,  sedimentation,  action  of  sunlight 
and  predatory  microorganisms,  become  greatly  purified  is  an  indis- 
putable fact  The  increase  in  bacteria  which  occurs  from  contami- 
nation is  also  largely  or  entirely  lost  after  ten  to  twenty  miles  of 
river  flow.  Nevertheless,  the  history  of  many  epidemics  seems  to 
show  that  a  badly  contaminated  river  is  never  an  absolutely  safe 
water  to  drink,  although  with  the  lapse  of  each  day  it  becomes  less 
and  less  dangerous,  nor  will  sand  filter  beds  absolutely  remove  all 
danger.  These  statements  are  founded  upon  the  results  of  numer- 
ous investigations;  thus  the  marked  disappearance  of  bacteria  is 
illustrated  by  the  following:  Kummel  found  below  the  town  of 
Rosbock  48,000  bacteria  to  the  cubic  centimetre;  twenty-five  kilo- 
metres farther  down  the  stream  only  200  were  present — about  the 
same  number  as  before  the  sewage  of  Rosbock  entered.  On  the 
other  hand,  the  doubtful  security  of  depending  on  a  river  purifica- 
tion is  proved  by  such  experiences  as  the  following:  In  the  city  of 
Lowell,  Massachusetts,  an  alarming  epidemic  followed  the  pollution 
of  the  Merrimac  River  three  miles  above  by  typhoid  fseces,  and  six 
weeks  later  an  alarming  epidemic  attacked  liiwrenoe,  nine  miles 
below  Lowell.  It  is  estimated  that  the  water  took  ten  days  to  pass 
from  Lowell  to  Lawrence  and  through  the  reservoirs.  TyjAoid  ba- 
cilli usually  die  in  river-water  in  from  three  to  ten  days,  but  they 
may  live  for  twenty-five  days  in  other  water ;  the  Lawrence  epidemic 
is  easily  explained.  Newark-on-Trent,  England,  averaged  seventy- 
five  cases  a  year  from  moderately  well  filtered  water  and  only  ten 
when  it  was  changed  to  deep-well  supply. 

Puriflcation  of  Water  on  a  Large  Scale. — For  detailed  informa- 
tion on  this  subject  the  reader  is  referred  to  works  on  hygiene.  Sur- 
face waters,  if  collected  and  held  in  sufficiently  large  lakes  or  reser- 
voirs usually  become  so  clarified  by  sedimentation,  except  shortly 
after  heavy  rains,  as  to  require  no  further  treatment  so  far  as  its 
appearance  goes.  The  collection  of  water  in  larfi:e  reservoirs  allows 
not  only  the  living  and  dead  matter  to  subside,  but  allows  time  also 
for  the  pathogenic  germs  to  perish  through  light  and  antagonistic 
bacteria  and  other  deleterious  influences,  sand  or  mechanical  coagu- 
lant Filtration  of  water  exerts  a  very  marked  purification,  taking 
out  99.8  per  cent  of  the  organisms  in  those  best  constructed  and  at 
least  95  per  cent  in  those  commonly  used  in  cities.  The  construc- 
tion of  filters  is  too  large  a  subject  to  enter  on  minutely  here;  sand 
filters  consist,  as  a  rule,  of  several  layers,  beginning  with  fine  sand, 
and  then  smaller  and  larger  gravel,  and  finally  rough  stones,  A 
certain  time  elapses  before  the  best  results  are  obtained ;  this  seems 
to  wait  for  the  formation  of  a  film  of  orsranio  material  on  the  sand, 
which  is  full  of  nitrifying  bacteria.  Even  the  best  filters  only 
greatly  diminish  the  dansrers  of  polluted  water.  Spring-water  and 
well-water  are,  in  fact,  filtered  waters. 

Water  which  i^  subject  to  serious  pollution  must  be  submitted  to 
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a  preliminary  purification  before  it  can  be  considered  a  suitable 
source  for  a  drinking-water  supply.  The  means  employed  for  its 
purification  depend  to  a  large  extent  upon  the  character  of  the  water 
and  the  nature  of  the  pollution.  Filtration  through  slow  sand 
filters,  three  to  five  feet  in  depth,  removes  98  to  99.5  per  cent  of  the 
bacteria  and  organic  matter;  so  that  effluents  from  the  best  con- 
structed sand  filtration  beds  constitute  safe  and  reliable  drinking 
waters.  Five  hundred  thousand  to  one  or  two  million  gallons,  de- 
pending somewhat  upon  the  extent  of  pollution  and  the  fineness  of 
the  sand,  can  be  filtered  daily  per  acre.  Only  the  surface  of  the 
sand  filter  becomes  in  any  way  clogged  and  as  thin  a  layer  as  can  be 
scrapped  off  is  removed  one  or  more  times  a  month.  This  surface 
sand  is  washed  with  clean  water  and  several  scrapings  replaced  at 
one  time.  Sand  filtration  beds  are  very  widely  used  abroad  and  are 
coming  into  extensive  use  in  this  country.  The  filter  beds  at  Law- 
rence, Mass.,  have  been  used  over  ten  years  with  marked  success; 
when  properly  managed,  they  render  the  highly  polluted  Merrimac 
River  a  fairly  safe  drinking-water;  the  filter  beds  there  are  scraped 
about  thirteen  times  a  year. 

Mechanical  filtration  plants  find  considerable  favor  where  clarifi- 
cation as  well  as  bacterial  purification  is  desired.  A  coagulant  such 
as  sulphate  of  aluminum  is  employed  and  forms  in  the  water  a  fluoc- 
culent  precipitate  which  carries  down  with  it  all  suspended  matter; 
100  to  125,000,000  or  more  gallons  of  water  can  be  filtered  on  an 
acre  daily,  but  the  filters  must  be  washed  once  or  twice  daily  by  re- 
versing tiie  flow  and  cleansing  the  clogged  filter  with  a  stream  of 
the  purified  water.  The  bad  clogging  is  due  to  the  fact  that  the 
process  is  a  purely  mechanical  one,  and  not  comparable  in  any  way 
with  the  vital  processes  carried  on  in  the  sand  filter  by  the  nitrifying 
bacteria. 

Other  methods  are  coming  into  use,  such  as  the  passage  of  ozone, 
and  have  proved  successful.  Such  processes  should  be  under  the 
direct  supervision  of  expert  sanitary  engineers  and  bacteriologists. 
Domestic  Puriflcation. — ^Water  which  requires  private  filtering 
should  not  be  supplied  for  drinking  purposes.  Unhappily,  however, 
it  often  is.  Domestic  filters  may  be  divided,  roughly,  into  those  for 
low  and  high  pressure.  The  former  are  directly  connected  with  the 
water  main,  while  the  others  simply  have  the  slight  pressure  of  the 
column  of  water  standing  in  the  filter.  Many  high-pressure  filters, 
contain  animal  charcoal,  silicated  carbon,  etc.,  either  in  a  pressed 
condition  or  in  one  porous  mass.  These  filters  remove  much  of  the 
deleterious  matter  from  the  suspected  waters,  but  the  majority  cannot 
be  depended  upon  to  remove  all  bacteria.  Even  those  which  are 
equipped  for  self-cleansing  become  in  a  little  while  foul,  and,  if  not 
cleaned,  unfit  for  use.  The  best  of  the  class  are  of  porous  stone, 
such  as  tihe  Berkefeld  and  Pasteur  filters.  These  yield  a  water,  if 
too  great  a  pressure  is  not  used,  almost  absolutely  free  from  bacteria, 
and  if  they  are  frequently  cleansed  they  are  reliable.    A  large  Berke- 


484  PATHOGENIC  MICBO-OBGANISMS. 

feld  filter  will  allow  sixty  gallons  of  water  to  pass  per  hour.  The 
Pasteur  filter  is  more  compact  and  slower.  From  the  best  Pasteur 
filters  sterile  water  may  be  passed  for  two  to  three  weeks ;  from  the 
Berkefield  usually  only  a  few  days.  A  simple  typical  low-pressure 
filter  is  that  of  Bailey  Denton.  The  upper  compartment  contains  the 
filtering  material,  which  may  be  sand  or  charcoal,  and  is  fed  from  a 
cistern  or  hydrant.  After  a  certain  quantity  of  water  has  passed  in, 
the  supply  is  automatically  cut  off  until  the  whole  amount  is  filtered. 
A  filter  easily  made  is  the  following:  Take  a  large  sized  earthenware 
pot  and  plug  the  hole  in  the  bottom  with  a  cork,  through  which  pass 
a  short  glass  tube.  Upon  the  bottom  place  an  inch  of  small  pieces 
of  broken  flower-pot;  upon  this  a  couple  of  inches  of  well-washed 
small  gravel,  and  upon  tliis  six  to  twelve  inches  of  well-washed,  fine, 
sharp  sand.  Cover  the  sand  with  a  piece  of  filter  paper  and  hold 
this  down  with  a  few  small  stones.  Mount  the  pot  on  a  tripod,  and 
it  is  ready  for  use.  The  paper  prevents  the  sand  being  disturbed 
when  water  is  added,  and  as  it  also  holds  most  of  the  sediment,  this 
can  be  readily  removed.  Every  few  months  the  sand  can  be  washed 
and  replaced.  Animal  charcoal  is  not  a  good  substance  for  perma- 
nent filters,  as  bacteria  grow  well  in  it.  Whenever  water  is  sus- 
pected, and  there  is  any  doubt  as  to  the  filters,  it  should  be  boiled  for 
ten  minutes;  this  will  destroy  all  bacteria.  This  precaution  should 
always  be  taken  in  the  presence  of  typhoid  fever  and  cholera  epi- 
demics. 

THE  DISPOSAL  OF  SEWAGE. 

The  disposal  of  sewage  is  becoming  a  vital  question  with  all 
towns  and  cities  which  are  not  situated  near  salt-water  outlets,  since 
the  present  tendency  in  legislation  is  to  compel  such  towns  to  dispose 
of  their  waste  so  that  it  shall  not  be  a  menanoe  to  drinking-water 
streams,  destructive  to  fisheries,  or  a  nuisance  to  harbors. 

Methods  of  sewage  purification  depends  upon  the  character  of  the 
sewage  and  the  kind  of  effluent  desired. 

Two  hundred  thousand  gallons  of  crude  sewage  may  be  filtered 
upon  an  acre  of  land  daily  and  an  effluent  obtained  which  will  com- 
pare favorably  in  every  way  known  to  the  chemist  and  bacteriologist 
with  the  best  mountain  springs.  This  is,  however,  a  slow  process 
and  it  is  rare  that  such  a  pure  effluent  is  required.  Similar  results 
may  be  obtained  by  utilizing  the  septic  tank  method,  running  the 
sewage  from  the  septic  tank  to  contact  beds  and  thence  to  sand  filter 
beds ;  where  because  of  the  partial  "  self -purification  of  the  sewage  " 
in  the  septic  tank  and  contact  beds  2,500,000  gallons  of  sewage  can 
be  filtered  daily  on  an  acre  of  surface.  In  this  process  less  land  is 
required  and  both  these  effluents  can  be  safely  turned  into  drinking- 
water  streams. 

If,  however,  a  merely  non-putrescible  effluent  is  required,  one 
which,  though  high  bacterially,  will  not  be  offensive  in  any  way,  or 
subject  to  further  decomposition,  it    may  be  obtained    by  passing 
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crude  sewage  to  septic  tanks,  thence  to  double  contact  beds,  the  re- 
sulting effluent  having  merely  an  earthy,  humus-like  odor  and  being 
non-putrescible. 

Where  acid  wastes,  tannery  wastes,  dyestuffs,  etc.,  from  various 
factories  enter  into  sewage,  its  disposal  becomes  a  more  complicated 
problem  and  chemical  precipitation  by  the  use  of  lime  or  other 
chemicals  is  generally  employed  for  such  sewage  purification,  which 
at  best  is  only  partial  and  is  sometimes  supplemented  by  sand  fil- 
tration. 

BAOTEBIOLOaiOAL  EXAMINATION  OF  AIB. 

Saprophytic  bacteria  are  always  present  in  considerable  numbers 
in  the  air  except  far  out  at  sea  or  on  high  mountains.  They  are 
more  abundant  where  organic  matter  abounds,  and  in  dry  and  windy 
weather.  Pathogenic  bacteria,  on  the  other  hand,  are  only  occasion- 
ally present  in  the  air.  The  practical  results  obtained  from  the 
examination  of  air  for  pathogenic  bacteria  have  been  slight  We 
know  that  at  times  they  must  be  in  the  air,  but  unless  we  purposely 
increase  their  numbers  they  are  so  few  in  the  comparatively  small 
amount  of  air  which  it  is  practicable  to  examine  that  we  rarely  find 
them.  Examination  of  dust,  however,  in  hospital  wards  and  sick- 
rooms, in  places  where  only  air  infection  was  possible,  have  revealed 
tubercle  bacilli  and  other  pathogenic  bacteria- 

The  simplest  method  of  searching  for  the  varieties  of  bacteria  in 
the  air  and  their  number  in  any  place  is  to  expose  to  the  air  for 
longer  or  shorter  periods  nutrient  agar  spread  upon  the  surface  of  the 
Petri  dish.  After  exposure  the  plates  are  eitiier  put  in  the  incu- 
bator at  3Y°  C.  or  kept  at  room  temperature.  The  more  careful 
quantitative  examination  is  made  by  drawing  a  given  quantity  of 
air  through  tubes  containing  sterile  sand,  which  is  kept  in  by  pieces 
of  metal  gauze.  When  the  operation  is  completed  the  sand  is  poured 
into  a  tube  containing  melted  nutrient  gelatin  or  nutrient  agar,  and 
after  thoroughly  shaking,  the  mixture  is  poured  into  a  Petri  dish 
and  the  bacteria  allowed  to  develop,  either  at  37°  or  23°  C,  accord- 
ing as  the  growth  of  the  parasitic  or  saprophytic  varieties  is  desired. 
Instead  of  agar  or  gelatin  ascitic  broth  or  animals  may  be  inoculated. 
Such  examinations  are  occasionally  made  of  the  air  of  theatres, 
crowded  streiets  in  cities,  etc.  They  give  interesting  but  hardly  val- 
uable results. 

BAOTERIOLOaiOAL  EXAMINATION  OF  THE  SOIL. 

The  subject  from  its  agricultural  side  cannot  be  considered  here. 
The  soil  can  be  gathered  in  sterile,  sharp-pointed,  sheet-iron  tubes. 
As  in  water,  we  wish  to  learn  the  number  of  bacteria  and  the  im- 
portant varieties  of  bacteria  present.  To  estimate  the  number, 
small  fractions  of  a  gram  are  taken. 

According  to  Houston  uncultivated  sand  soil  averages  100,000 
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bacteria  per  gram,  garden  soil  1,500,000,  and  sewage-polluted  115,- 
000,000.  The  most  important  bacteria  to  be  sought  for  are  bacilli 
of  the  colon  group  and  streptococci.  Both  of  these  suggest  fairiy 
recent  excremental  pollution. 

The  period  during  which  typhoid  bacilli  remain  alive  in  soil  is 
unknown,  since  it  depends  on  so  many  unknown  factors  and  differs 
so  in  different  places.  The  typhoid  bacilli  probably  rarely  increase 
in  the  soil  and  probably  rarely  survive  a  month  in  it.  The  main 
danger  of  soil  bacteria  is  their  being  washed  in  water  supplies  by 
rains  and  wind. 


CHAPTER   XXXVIII. 
THE  BACTERIOLOGY  OF  MHK  IN  ITS  RELATION  TO  DISEASE. 

Fkom  the  standpoint  of  the  dairy  many  of  the  different  varieties 
of  bacteria  found  in  milk  are  of  importance,  which  have  little  or  no 
medical  interest  We  have  space  here  only  to  consider  the  bacteri- 
ology of  milk  so  far  as  it  is  related  to  health  and  disease.  The  sapro- 
phytic bacteria  taken  collectively  have  importance  because  one  can 
determine  from  their  number  something  as  to  the  care  taken  in 
handling  the  milk  and  also  because,  when  nimierous,  they  produce 
chemical  changes  in  the  milk  which  are  harmful  for  infants. 

Numerical  Estimation  of  Bacteria. — The  number  of  bacteria  in 
a  C.C.  of  milk  is  usually  estimated  from  the  colonies  developing  in 
nutrient  agar  plate  cultures  during  a  period  of  three  days,  when 
kept  at  23  to  27°  C.  Some  prefer  a  temperature  of  37^  for  48 
hours,  but  this  allows  in  market  milk  only  a  small  proportion  of  the 
bacteria  to  develop  colonies.  For  the  technique  see  pages  43-46. 
This  method  necessarily  underestimates  their  number,  as  many  of  the 
bacteria  remain  after  vigorous  shaking  in  pairs  or  small  groups.  In 
order  to  overcome  this  and  also  to  note  the  morphological  types 
the  direct  microscopical  examination  of  smears  of  the  sediment 
has  been  urged.  A  great  practical  objection  to  this  is  that  if  a 
heated  milk  is  examined  the  dead  as  well  as  the  living  bacteria 
are  counted.  This  method  has  however  great  advantages  in  that 
one  can  immediately  tell  whether  a  sample  has  few  or  many  bacteria 
and  also  note  the  presence  of  streptococci  and  leukocytes. 

Smear  Method  for  Direct  Examination  of  Milk. — 1.  The  sample 
of  milk  to  be  examined  is  shaken  thoroughly,  not  less  than  twenty- 
five  times. 

2.  One  cubic  centimeter  is  withdrawn  and  put  into  a  tube  of  small 
calibre  having  two  rubber  corks  and  is  centrifugalized  for  10  minutes. 

3.  After  centrifugalization  the  upper  cork  is  removed  and  the 
supernatant  cream  and  milk  are  gently  poured  off;  the  lower  cork 
which  holds  the  sediment  is  then  removed  and  the  sediment  is  spread 
as  evenly  as  possible  on  slides  in  areas  of  two  square  centimeters  upon 
which  a  drop  of  sterile  water  has  been  previously  placed. 

4.  After  drying  in  the  air,  the  smears  are  fixed  with  methyl 
alcohol  and  stained  with  a  watery  solution  of  methylene  blua  By 
turning  the  slides  the  excess  stain  drains  off  and  washing  with  water 
is  avoided  with  its  danger  of  removing  bacteria.  The  sediment  con- 
tains about  33  per  cent,  of  the  bacteria  in  the  whole  milk. 
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5.  Ten  fields  are  counted  in  each  smear,  four  at  the  top  and 
bottom  and  one  at  either  end.  A  net  micrometer,  fitted  into  the 
eye-piece  and  marking  a  field  equal  to  /4o,ooo  of  a  square  centimeter 
is  used  with  the  oil  immersion,  the  average  counts  of  the  ten  fields 
are  multiplied  by  20,000  and  the  results  are  therefore  the  bacterial 
count  of  the  sediment  from  one  cubic  centimeter  of  milk. 

6.  If  a  leucocyte  count  only  is  desired  the  same  technique  is  fol- 
lowed except  that  before  oentrifugalization  the  milk  is  heated  to  65°- 
Y0°  C.  for  10  minutes  after  which  it  is  thoroughly  shaken  and  put 
into  the  centrifugal  tubes. 

Identification  of  Bacteria. — The  milk  is  plated  in  a  2  per  cent 
lactose-litmus  nutrient  gelatin  or  agar,  and  the  bacteria  after  devel- 
opment of  colonies  isolated  and  grown  upon  the  usual  identifica- 
tion media.  The  pathogenic  properties  of  the  different  bacteria  can 
be  tested  by  intraperitoneal  and  subcutaneous  inoculation  in  guinea- 
pigs  with  2  C.C.  of  a  forty-eight-hour  broth  culture,  and  by  feeding 
young  kittens  for  several  days  with  3  to  6  cc.  daily  of  a  twenty-four- 
hour  broth  culture  by  means  of  a  medicine  dropper. 

Varieties. — Bacteria  in  milk  can  be  divided  into  two  great  groups — 
those  which  get  into  the  milk  after  it  leaves  the  udder  and  those  which 
come  from  the  cow.  The  first  group  comprises  bacteria  from  dust, 
hands,  milking  pails,  strainers,  etc. 

The  extraneous  bacteria  are  of  importance  because  they  produce 
changes  in  the  chemical  composition  of  the  milk  when  they  have  de- 
veloped in  great  numbers.  The  number  of  bacteria  in  any  sample 
of  milk  depends  on  three  factors:  the  number  deposited  in  the  milk 
from  the  cow's  udder,  from  the  air,  and  utensils;  the  time  during 
which  they  have  developed,  and  the  temperature  at  which  the  milk 
has  stood.  The  last  is  perhaps  the  most  important  factor.  The  at- 
tempt was  made  during  a  period  of  one  year  to  connect  illness  in  in- 
fants and  children  with  special  varieties  of  saprophytic  bacteria  in 
milk.    As  a  matter  of  fact  no  such  connection  was  made  out 

From  the  milks  altogether,  239  varieties  of  bacteria  were  isolated 
and  studied.  These  239  varieties,  having  some  cultural  or  other 
differences,  were  divided  into  the  31  classes,  each  class  containing 
from  1  to  39  more  or  less  closely  related  organisms. 

As  to  the  sources  of  bacteria  found  in  milk,  we  made  sufficient 
experiments  to  satisfy  us  that  they  came  chiefly  from  outside  the 
udder  and  milk-ducts. 

Bacteria  were  isolated  from  various  materials  which  under  cer- 
tain conditions  might  be  sources  of  contamination  for  the  milk,  and 
the  cultures  compared  with  those  taken  from  milk.  Thus  there  were 
obtained  from  20  specimens  of  hay  and  grass,  31  varieties  of  bac- 
teria; from  15  specimens  of  faxies,  manure,  and  intestinal  contents, 
28  varieties;  from  10  specimens  of  feed,  17  varieties.  Of  these  76 
varieties  there  were  26  which  resembled  closely  those  from  milk — 
viz.,  11  from  grass  or  hay;  26  from  manure;  5  from  feed. 
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During  the  investigation  a  number  of  the  varieties  isolated  from 
milk  were  shown  to  be  identical  with  types  conamonly  found  in  water. 

From  the  few  facts  quoted  above  and  from  many  other  observa- 
tions made  during  the  course  •of  the  work,  it  would  seem  that  the 
term  "  milk  bacteria  "  assumes  a  condition  which  does  not  exist  in 
fact.  The  expression  would  seem  to  indicate  that  a  few  varieties, 
especially  those  derived  in  some  way  from  the  cow,  are  commonly 
found  in  milk,  which  forms  having  entered  the  milk  while  still  in  the 
udder,  or  after  its  withdrawal,  are  so  well  fitted  to  develop  in  milk 
that  they  outgrow  all  other  varieties. 

As  a  matter  of  fact,  it  was  found  that  milk  taken  from  a  number 
of  cows,  in  which  almost  no  outside  contamination  had  occurred, 
and  plated  immediately,  contained,  as  a  rule,  very  few  bacteria,  and 
these  were  streptococci,  staphylococci,  and  other  varieties  of  bacteria 
not  often  found  in  milk  sold  in  New  York  City ;  the  temperature  at 
which  milk  is  kept  being  less  suitable  for  them  than  for  the  bacteria 
which  fall  into  the  milk  from  dust,  manure,  etc  A  number  of 
specimens  of  fairly  fresh  market  milk  averaging  200,000  bacteria 
per  cubic  centimetre  were  examined  immediately,  and  again  after 
twelve  to  twenty-four  hours.  In  almost  every  test  the  three  or  four 
predominant  varieties  of  the  fresher  milk  remained  as  the  predomi- 
nant varieties  after  the  period  mentioned. 

The  above  experiments  seem  to  show  that  organisms  which  have 
gained  a  good  percentage  in  the  ordinary  commercial  milk  at  time  of 
sale  will  be  likely  to  hold  the  same  relative  place  for  as  long  a  period 
as  milk  is  usually  kept  After  the  bacteria  pass  the  ten  or  twenty 
million  a  change  occurs,  since  the  increasing  acidity  inhibits  the 
growth  of  some  forms  before  it  does  that  of  others.  Thus  some 
varieties  of  the  lactic  acid  bacteria  can  increase  until  the  acidity  is 
twice  as  great  as  that  which  inhibits  the  growth  of  many  bacteria. 
Before  milk  reaches  the  curdling  point,  the  bacteria  may  have 
reached  over  a  billion  to  each  cubic  centimetre.  For  the  most  part 
specimens  of  milk  from  different  localities  showed  a  difference  in  the 
character  of  the  bacteria  present,  in  the  same  way  that  the  bacteria 
from  hay,  feed,  etc.,  varied.  Even  the  intestinal  contents  of  cows, 
the  bacteriology  of  which  might  be  expected  to  show  common  char- 
acteristics, contained,  besides  the  predominating  colon  types,  other 
organisms  which  differed  widely  in  different  species  and  in  different 
localities.  Cleanliness  in  handling  the  milk  and  the  temperature 
at  which  it  had  been  kept  were  also  found  to  have  a  marked  influence 
on  the  predominant  varieties  of  bacteria  present. 

Pathogenic  Properties  of  the  Bacteria  Isolated. — ^Intraperitoneal 
injection  of  2  cc.  of  broth  or  milk  cultures  of  about  40  per  cent^  of 
the  varieties  tested  caused  death.  Cultures  of  most  of  the  remainder 
produced  no  apparent  deleterious  effects  even  when  injected  in 
larger  amounts.  The  filtrates  of  both  cultures  of  a  number  of  va- 
rieties were  tested,  but  only  one  was  obtained  in  which  poisonous 
products  were  abundantly  present     Death  in  guinea-pigs  weighing 
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300  grams  followed  within  fifteen  minutes  after  an  injection  of 
2  C.C. ;  1  C.C  had  little  effect 

As  bacteria  in  milk  are  swallowed  and  not  injected  under  the  skin, 
it  seemed  wise  to  test  the  effect  of  feeding  them  to  very  young  ani- 
mals. We  therefore  fed  forty-eight  cultures  of  139  varieties  of  bac- 
teria to  kittens  of  two  to  ten  days  of  age  by  means  of  a  glass  tube. 
The  kittens  received  5  to  10  c.c  daily  for  from  three  to  seven  days. 
Only  one  culture  produced  illness  or  death.  A  full  report  on  the 
identification  of  the  varieties  of  bacteria  met  with  in  this  investiga- 
tion can  be  found  in  an  article  by  Dr.  Letchworth  Smith  in  the  1902 
Anmud  Report  of  the  Department  of  Health  of  New  York  City, 

After  five  years  of  effort  to  discover  some  relation  between  special 
varieties  of  bacteria  found  in  milk  and  the  health  of  diildren  the 
conclusion  has  been  reached  that  neither  through  animal  tests  nor  the 
isolation  from  the  milk  of  sick  infants  have  we  been  able  to  establish 
such  a  relation.  Pasteurized  or  "  sterilized  "  milk  is  rarely  kept  in 
New  York  longer  than  thirty-six  hours,  so  that  varieties  of  bacteria 
which  after  long  standing  develop  in  such  milk  did  not  enter  into 
our  problem.  The  harmlessness  of  cultures  given  to  healthy  young 
kittens  does  not  of  course  prove  that  they  would  be  equally  harmless 
in  infants.  Even  if  harmful  in  robust  infants,  they  might  be  in- 
jurious when  summer  heat  and  previous  disease  had  lowered  the 
resistance  and  the  digestive  power  of  the  subjects.  In  a  recent  in- 
vestigation by  Dr.  D.  H.  Bergey  connection  between  diarrhoea  and 
pus  and  streptococci  was  sometimes  found. 

The  results  of  this  investigation  appear  to  warrant  the  following 
conclusions : 

1.  The  occurrence  of  an  excessive  number  of  leukocytes  in  cows' 
milk  is  probably  always  associated  with  the  presence  in  the  udder  of 
some  inflammatory  reaction  brought  about  by  the  presence  of  some 
of  the  ordinary  pyogenic  bacteria,  especially  of  streptococci. 

2.  When  a  cow's  udder  has  once  become  infected  with  the  pyo- 
genic bacteria  the  disease  tends  to  persist  for  a  long  time,  probably 
extending  over  several  periods  of  lactation. 

3.  Lactation  has  no  causative  influence  per  se  upon  the  cellular 
and  bacterial  content  of  cows'  milk,  though  it  probably  tends 
toward  the  aggravation  of  the  disease  when  the  udder  is  once  in- 
fected. 

It  is  impossible  to  differentiate  in  routine  milk  examinations  the 
pathogenic  streptococci  of  diseased  cows  from  saprophytic  varieties. 
Thus  it  happens  that  a  milk  which  contains  great  numbers  of 
streptococci  may  or  may  not  be  more  dangerous  than  one  whidi  con- 
tains an  equal  number  of  other  apparently  less  harmful  bacteria. 

The  Deleterious  Effect  of  Bacteria  in  Milk  on  Infants. — ^We  have 
tested  this  ourselves  in  the  following  way :  During  each  of  the  simi- 
mers  of  1902,  1903,  and  1904  a  special  lot  of  milk  was  modified  for 
a  group  of  fifty  infants,  all  of  whom  were  under  nine  months  of  age. 
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and  distributed  daily.  To  one-half  the  milk  was  given  raw;  to  the 
other  half  a  similar  milk  heated  at  60^  for  20  minutes. 

The  modified  milk  was  made  from  a  fairly  pure  milk  mixed  with 
ordinary  cream.  The  bacteria  contained  in  the  milk  numbered  on 
the  average  45,000  per  cubic  centimetre,  in  the  cream  30,000,000. 
The  modified  raw  milk  taken  from  the  bottles  in  the  morning  aver- 
aged 1,200,000  bacteria  per  cubic  centimetre,  or  considerably  less 
than  the  ordinary  grocery  milk ;  the  Pasteurized,  about  1000 ;  taken 
in  the  late  afternoon  of  the  same  day  they  had  respectively  about 
20,000,000  and  50,000. 

Twenty-one  predominant  varieties  of  bacteria  were  isolated  from 
six  specimens  of  this  milk  collected  on  different  days.  The  varieties 
represented  the  types  of  bacteria  frequently  found  in  milk.  The  in- 
fants were  selected  during  the  first  week  in  June,  and  at  first  all  were 
placed  on  Pasteurized  milk.  The  fifty  infants  which  had  been 
selected  were  now  separated  into  two  groups  as  nearly  alike  as  pos- 
sible. On  the  15th  of  June  the  milk  was  distributed  without  heat- 
ing to  one-half  the  infants,  the  other  half  receiving  as  before  the 
heated  milk.  In  this  way  the  infants  in  the  two  groups  received  milk 
of  identically  the  same  quality,  except  for  the  changes  produced  by 
heating  to  165°  F.  for  thirty  minutes.  The  infante  were  observed 
carefully  for  three  months  and  medical  advice  was  given  when  neces- 
sary. When  severe  diarrhoea  occurred  barley-water  was  substituted 
for  milk. 

The  first  season^s  trial  gave  the  following  results:  Within  one 
week  20  out  of  the  2Y  infants  put  on  raw  milk  suffered  from 
moderate  or  severe  diarrhoea;  while  during  the  same  time  only  5 
cases  of  moderate  and  none  of  severe  diarrhoea  occurred  in  those  taking 
Pasteurized  milk.  Within  a  month  8  of  the  27  had  to  be  changed 
from  raw  back  to  heated  milk,  because  of  their  continued  illness ;  7, 
or  25  per  cent.,  did  well  all  summer  on  raw  milk.  On  the  other 
hand,  of  those  receiving  the  Pasteurized  milk,  75  per  cent  remained 
well,  or  nearly  so,  all  sunmier,  while  25  per  cent  had  one  or  more 
attacks  of  severe  diarrhoea.  There  were  no  deaths  in  either  group 
of  cases. 

During  the  second  summer  a  similar  test  was  made  with  45  infants. 
Twenty-four  were  put  on  raw  modified  milk;  13  of  these  had  serious 
diarrhoea,  in  5  of  whom  it  was  so  severe  tliat  they  were  put  back 
upon  heated  milk;  10  took  raw  milk  all  summer  without  bad  effects; 
2  died,  1  from  gross  neglect  on  the  part  of  the  mother,  the  other 
from  diarrhoea.  Of  the  21  on  Pasteurized  milk,  5  had  severe  attacks 
of  diarrhoea,  but  all  were  kept  on  this  milk  except  for  short  periods, 
when  all  food  was  omitted;  16  did  well  tliroughout  the  summer. 
One  infant,  markedly  rachitic,  died.  The  third  summer's  results 
have  not  been  tabulated,  but  were  similar  to  those  of  the  first  two 
tests. 

The  outcome  of  these  observations  during  the  first  two  summers 
are  summarized  in  the  following  table: 
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Kind  of  Milk. 

Num- 
ber of 
Infanta. 

Re- 
mained 
Well  for 
Entire 
Sum- 
mer. 

Number 
HaTing 
Severe  or 
Moderate 
Diarrhoea. 

Average 
Number 
Days  off 
Milk  Dar- 
ing Sum- 
mer. 

■ 

3 

5.5 

Averan 
Weekly 
Gain  in 
Weight. 

Aver- 
age 
Num- 
ber of 
Days 
Diar- 
rhoea. 

Deaths. 

Pastearized  milk,  1,000  to  60,000) 
bacteria  per  c.c                        / 

Raw  milk,  1,200,000  to  20,000,000) 
bacteria  per  cc.                        j 

41 
51  > 

81 
17 

10 
88 

4.0  ox. 
3.5  " 

3.9 
11.5 

1 
2 

^Thirteen  of  the  fifty-one  infants  on  raw  milk  were  transferred  before  the  end 
of  the  trial  to  Pasteurized  milk  because  of  serious  illness.  If  these  infants  had 
been  left  on  raw  milk  it  is  believed  bj  the  writers  that  the  comparative  results 
would  have  been  even  more  unfavorable  to  raw  milk. 


Although  the  number  of  cases  was  not  large,  the  results,  almost 
identical  during  the  three  summers,  indicate  that  even  a  fairly  pure 
milk  when  given  raw,  in  hot  weather,  causes  illness  in  a  much  larger 
percentage  of  cases  than  the  same  milk  given  after  Pasteurization. 
A  considerable  percentage  of  infants,  however,  do  apparently  quite 
as  well  on  raw  as  on  Pasteurized  milk. 

Bacteria  in  Milk.  Effect  on  Older  Children. — The  children  over 
three  years  of  age  who  received  unheated  milk,  containipg  at  different 
time  from  145,000  to  350,000,000  bacteria  per  cubic  centimetre, 
showed  almost  no  gastrointestinal  disturbance.  The  conditions  at 
three  institutions  will  serve  as  examples. 

In  the  first  of  these  an  average  grade  of  raw  milk  was  used  which, 
during  the  summer  contained  from  2,000,000  to  30,000,000  bacteria 
per  cubic  centimetre.  This  milk  was  stored  in  an  ice-box  imtil  re- 
quired. It  was  taken  by  diildren  unheated  and  yet  no  case  of  diar- 
rhoea of  sufficient  gravity  to  send  for  a  physician  occurred  during  the 
entire  summer.  This  institution  was  an  orphan  asylum  containing 
650  children  from  three  to  fourteen  years  of  age — viz.,  three  to  five 
years,  98 ;  five  to  eight  years,  162 ;  eight  to  fourteen  years,  390. 

A  second  institution  used  an  unheated  but  very  pure  milk  which 
was  obtained  from  its  own  farm.  This  milk  averaged  50,000  bac- 
teria per  cubic  centimetre.  The  inmates  were  70  children  of  ages 
ranging  from  three  to  fourteen  years.  In  this  institution  not  a  single 
case  of  diarrhoeal  disease  of  any  importance  occurred  during  tiie 
summer. 

In  a  third  institution  an  average  grade  of  milk  was  used  which 
was  heated.  This  milk  before  heating  contained  2,000,000  to  20,- 
000,000  bacteria  per  cubic  centimetre.  The  institution  was  an  in- 
fant asylum  in  which  there  were  126  children  between  the  ages  of 
two  and  five  years.     There  were  no  cases  of  diarrhoea  during  the 


summer. 


These  clinical  observations  taken  in  connection  with  the  bacterio- 
logical examination  at  the  laboratory  show  that  although  the  milk 
may  come  from  healtliy  cattle  and  clean  farms,  and  be  kept  at  a  tem- 
perature not  exceeding  60^  F.,  a  very  great  increase  in  the  number 
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of  bacteria  may  occur.  Furthermore,  this  may  occur  without  the 
accumulation  in  the  milk  of  sufficient  poisonous  products  or  living 
bacteria  to  cause  appreciable  injury  in  children  over  three  years  of 
age,  even  when  such  milk  is  consumed  in  considerable  amount  and 
for  a  period  extending  over  several  months.  Milk  kept  at  tempera- 
tures somewhat  above  60°  F.  was  not  met  with  in  our  investigations, 
but  the  histories  of  epidemics  of  ptomain  poisoning  teach  that  sudi 
milk  may  be  very  poisonous.  It  is  also  to  be  remembered  that  milk 
abounding  in  bacteria  on  account  of  its  being  carelessly  handled  is 
also  always  liable  to  contain  pathogenic  organisms  derived  from 
human  or  animal  sources. 

Results  with  Very  Impure  Milk  Heated  vs.  Those  with  Pure  or 
Average  Milk  Heated. — During  the  summer  of  1901  we  were  able  to 
observe  a  number  of  babies  fed  on  milk  grossly  contaminated  by  bac- 
teria. In  1902,  systematic  supervision  of  all  stores  selling  milk  was 
instituted  by  the  Health  Department,  so  that  the  very  worst  milk  was 
not  offered  for  sale  that  summer. 

The  observations  upon  the  impure  milk  of  1901  are  of  sufficient 
importance  to  be  given  in  detail,  although  already  mentioned  in  the 
report  of  the  observations  upon  infants  of  both  summers  which  were 
fed  on  "  store  milk."  A  group  of  over  150  infants  was  so  divided 
that  20  per  cent,  were  allowed  to  remain  on  the  cheapest  store  milk 
which  they  were  taking  at  the  time.  To  about  the  same  number  was 
given  a  pure  bottled  milk.  A  third  group  was  fed  on  the  same 
quality  of  milk  as  the  second,  but  sterilized  and  modified  at  the 
Good  Samaritan  Dispensary.  A  fourth  group  received  milk  from 
an  ordinary  dairy  farm.  This  milk  was  sent  to  a  store  in  cans  and 
called  for  by  the  people.  A  few  infants  fed  on  breast  and  condensed 
milk  were  observed  for  control. 

In  estimating  the  significance  of  the  observations  recorded  in  the 
tables,  one  should  bear  in  mind  that  not  only  do  different  infants 
possess  different  degrees  of  resistance  to  disease,  but  that,  try  as  hard 
as  the  physicians  could,  it  was  impossible  to  divide  the  infants  into 
groups  which  secured  equal  care,  and  were  subjected  to  exactly  the 
same  conditions.  It  was  necessary  to  have  the  different  groups  in 
somewhat  different  parts  of  the  city.  It  thus  happened  that  the  in- 
fants on  the  cheap  store  milk  received  less  home  care  than  the  aver- 
age, and  that  those  on  the  pure  bottled  milk  lived  in  the  coolest  por- 
tion of  the  city.  Certain  results  were,  however,  so  striking  that  their 
interpretation  is  fairly  clear.  It  is  to  be  noted  that  the  number  of 
infants  included  in  each  group  is  small. 

There  is  nothing  in  the  observations  to  show  that  fairly  fresh  milk 
from  healthy  cows,  living  imder  good  hygienic  conditions  and  con- 
taining, on  some  days,  when  delivered,  as  many  as  200,000  bacteria 
per  cubic  centimetre,  had  any  bacteria  or  any  products  due  to  bac- 
teria that  remained  deleterious  after  the  milk  was  heated  to  near 
the  boiling  point 

On  the  other  hand,  it  is  possible  that  certain  varieties  of  bacteria 
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Tabls  Showing  the  Besults  op  Feeding  during  July  and  August,  1901,  in 
Tenement  Houses,  of  112  Bottle-fed  Infants  under  1  Year  of  Age,  and 
OF  47  Bottle-fed  Infants  between  1  and  2  Years  of  Age  with  Milk  from 
Different  Sources,  and  the  Number  of  Bacteria  Present  in  the  Milk. 


Infants  Under  One  Year. 

Infants  Over  One  Year. 

Character  of  the  MUk. 

h 

if 

41 

3  oa. 

Diarrhoea. 

1» 

Average 

Weekfy 

Gain. 

Diarrhoea. 

^ 

i 

i 

2 
1 

t 

3^ 

1 

1.  Pure  milk  boiled  and  modified  at  ^ 
dispeoBary  or  utatioDS ;  giTen  out 
in    small    bottles.     Milk   before    • 
boiling   aTera^ed  20,000  bacteria 
per  c.c. ;  after  ooUiog  2  per  c.c. 

10 

8 

2.  Pure  mUk,  24  hours  old,  sent  in  1 
quaH  boUles  to  tenements,  heated 
and  modified  kt  home,  20,000  to    - 
200,000    bacteria    per    c.c.   when 
delirered. 

23 

4K" 

8 

6 

0 

24 

4Hox. 

8 

2 

0 

3.  Ordinary  milk,  36  hours  old,  fmm  ^ 
a  selected  group  of  farms,  kept 
cool   in   cans  during  transport; 
1.000  000  to  25,000,000  bacteria  per    ' 
c.c,  heated  and  modified  at  home 
before  using. 

18 

4     " 

6 

6 

1» 

12 

4     •• 

1 

2 

0 

4.  Cheap  milk.  86  to  60  hours  old,  1 
r^om   various    small   stores,   de- 
rived from  various  farms,  some   ^ 
fairly  clean,   some   very   dirty ; 
400,000  to  176,000,000  bacteria  per 

C.C. 

21 

H" 

4 

18 

4> 

7 

%'' 

1 

3 

0 

5.  Condensed     milk     of     different ' 
brands.    Made  up  with  hot  water. 
As  given,  contained  bacteria  from 
6,000  to  200,000  per  cc. 

9 

K" 

5 

2 

8 

4 

8K" 

1 

3 

0 

6.  Breast  milk 

'    16 

2M" 

6 

2       0 

1 

*Thi8  infant  died  from  enteritis  and  toxeemia. 

'This  infant  died  of  pneumonia.  There  had  been  no  severe  intestinal  disorder 
noted. 

■One  of  the  four  had  pertussis,  the  remaining  three  died  from  uncomplicated 
enteritis. 

may,  under  oonditions  that  are  unsanitary,  find  entrance  to  milk  and 
survive  moderate  heat  or  may  develop  poisonous  products  resistant 
to  heat  in  sufficient  amount  to  be  harmful,  even  when  they  have  ac- 
cumulated to  less  than  200,000  per  cubic  centimetre. 

Turning  now  to  the  results  of  feeding  with  milk  which  has  been 
heated  and  which  before  sterilization  contained  from  1,000,000  to 
25,000,000  bacteria  per  cubic  centimetre,  averaging^  about  15,000,- 
000,  though  obtained  from  healthy  cows  living  under  fairly  decent 
conditions  and  although  the  milk  was  kept  moderately  cool  in  transit, 
we  find  a  distinct  increase  in  the  amount  of  diarrhoeal  diseases. 
Though  it  is  probable  that  the  excessive  amount  of  diarrhoea  in  this 
group  of  children  was  due  to  bacterial  changes  which  were  not  neu- 
trnlized  by  heat  or  to  living  bacteria  which  were  not  killed,  yet  it  is 
only  fair  to  consider  that  the  difference  was  not  very  great  and  that 
the  infants  of  this  group  were  under  surroundings  not  quite  as  good 
as  those  on  the  purer  milk 
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Finally,  we  come  in  this  comparison  to  the  infants  who  received 
the  cheap  store  milk  after  heating.  This  milk  had  frequently  to  be 
returned  because  it  curdled  when  boiled,  and  contained,  according 
to  the  weather,  from  4,000,000  to  200,000,000  bacteria  per  cubic 
centimetre.  In  these  infants  the  worst  results  were  seen.  This  is 
shown  not  only  by  the  death  rate,  but  by  the  amount  and  by  the 
severity  of  the  diarrhoeal  diseases,  and  the  general  appearance  of  the 
children  as  noted  by  the  physicians.  Although  the  average  number 
of  bacteria  in  the  milk  received  by  this  group  is  higher  than  that  re- 
ceived by  the  previous  group,  the  difference  in  results  between  this 
group  and  the  previous  one  can  hardly  be  explained  by  the  difference 
in  the  number  of  bacteria.  The  varieties  of  bacteria  met  with  in 
this  milk  were  more  numerous  than  in  the  better  milk,  but  we  were 
unable  to  prove  that  they  were  more  dangerous.  Probably  the 
higher  temperature  at  which  the  milk  was  kept  in  transit  and  the 
longer  interval  between  milking  and  its  use  allowed  more  toxic  bac- 
terial products  to  accumulate. 

Bacterial  Contamination  of  Milk — Oeneral  Conclnsions  as  to 
Relative  Importancer — The  observations  just  recorded  were  made 
upon  the  groups  of  infants  for  periods  of  about  three  months  only,  and 
the  conclusions^  drawn  relate  to  the  more  immediate  effects  of  the 
milk: 

1.  During  cool  weather  neither  the  mortality  nor  the  health  of 
the  infants  observed  in  the  investigation  was  appreciably  affected  by 
the  kind  of  milk  or  by  the  number  of  bacteria  which  it  contained. 
The  different  grades  of  milk  varied  much  less  in  the  amount  of  bac- 
terial contamination  in  winter  than  in  summer,  the  store  milk  aver- 
aging only  about  750,000  bacteria  per  cubic  centimetre. 

2.  During  hot  weather  when  the  resistance  of  the  children  was 
lowered,  the  kind  of  milk  taken  influenced  both  the  amount  of  illness 
and  the  mortality;  those  who  took  condensed  milk  and  cheap  store 
milk  did  the  worst,  and  those  who  received  breast  milk,  pure  bottled 
milk,  and  modified  milk  did  the  best  The  effect  of  bacterial  con- 
tamination was  very  marked  when  the  milk  was  taken  without  pre- 
vious heating;  but,  unless  the  contamination  was  very  excessive,  only 
slight  when  heating  was  employed  shortly  before  feeding. 

3.  The  number  of  bacteria  which  may  accumulate  before  milk 

becomes  noticeably  harmful  to  the  average  infant  in  summer  differs 

with  the  nature  of  the  bacteria  present,  the  age  of  the  milk,  and  the 

temperature  at  which  it  has    been  kept.     When  the  milk  is  taken 

raw,  the  fewer  the  bacteria  present  the  better  are  the  results.     Of  the 

usual  varieties,  over  1,000,000  bacteria  per  cubic  centimetre  are 

certainly  deleterious  to  the  average  infant.     However,  many  infants 

take  such  milk  without  apparently  harmful  results.     Heat  above 

170°  F.   (77°  C.)  not  only  destroys  most  of  the  bacteria  present, 

but,  apparently,  some  of  their  poisonous  products.     No  harm  from 

the  bacteria  previously  existing  in  recently  heated  milk  was  noticed 

*  These  eonelnsions  were  drawn  up  by  the  writer  in  association  with  Dr.  L.  E. 
Holt,  after  a  joint  atudj  of  the  results  obtained  in  the  studies  above  recorded. 
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in  these  observations  unless  they  had  amounted  to  many  millions,  Jbut 
in  such  numbers  they  were  decidedly  deleterious. 

4.  When  milk  of  average  quality  was  fed  sterilized  and  raw,  those 
infants  who  received  milk  previously  heated  did,  on  the  average, 
much  better  in  warm  weather  than  those  who  received  it  raw.  The 
difference  was  so  quickly  manifest  and  so  marked  that  there  could 
be  no  mistaking  the  meaning  of  the  results.  The  bacterial  content 
of  the  milk  used  in  the  test  was  somewhat  less  than  in  the  average 
milk  of  the  city. 

5.  No  special  varieties  of  bacteria  were  found  in  unheated  milk 
which  seemed  to  have  any  special  importance  in  relation  to  the  sum- 
mer diarrhoeas  of  children.  The  number  of  varieties  was  very  great, 
and  the  kinds  of  bacteria  differed  according  to  the  locality  from 
which  the  milk  came.  None  of  the  139  varieties  selected  as  most 
distinct  among  those  obtained  injured  very  young  kittens  when  fed 
in  pure  cultures.  A  few  cases  of  acute  indigestion  were  seen  im- 
mediately following  the  use  of  Pasteurized  milk  more  than  thirty- 
six  hours  old.  Samples  of  such  milk  were  found  to  contain  more 
than  100,000,000  bacteria  per  cubic  centrimetre,  mostly  spore-bear- 
ing varieties.  The  deleterious  effects,  thou^  striking;  were  neither 
serious  nor  lasting. 

At  the  present  time  there  is  in  New  York  City  no  general  sale 
from  stores  of  "  Pasteurized  "  or  "  sterilized  "  milk ;  so  that  here  it 
is  very  rare  for  such  milk  to  be  used  thirty-six  hours  after  heating. 

6.  After  the  first  twelve  months  of  life,  infants  are  less  and  less 
affected  by  the  bacteria  in  milk  derived  from  healthy  cattle.  Ac- 
cording to.  these  observations,  when  the  milk  had  been  kept  cool  the 
bacteria  did  not  appear  to  injure  the  children  over  three  years  of  age, 
at  any  season  of  the  year,  unless  in  very  great  excess. 

7.  Since  a  large  part  of  the  tenement  population  must  purchase 
its  milk  from  small  dealers,  at  a  low  price,  everything  possible  should 
be  done  by  health  boards  to  improve  the  character  of  the  general 
milk  supply  of  cities  by  enforcing  proper  legal  restrictions  regarding 
its  transportation,  delivery,  and  sale.  Sufficient  improvements  in 
this  respect  are  entirely  feasible  in  every  large  city  to  secure  to  all 
a  milk  which  will  be  wholesome  after  heating.  The  general  prac- 
tice of  heating  milk,  which  has  now  become  a  custom  among  the 
tenement  population  of  New  York,  is  undoubtedly  a  large  factor  in 
the  lessened  infant  mortality  during  the  hot  months. 

8.  Of  the  methods  of  feeding  now  in  vogue  that  by  milk  from 
central  distributing  stations  unquestionably  possesses  the  most  ad- 
vantages, in  that  it  secures  some  constant  oversight  of  the  child,  and, 
since  it  furnishes  the  food  in  such  a  form  that  it  leaves  the  mother 
least  to  do,  it  gives  her  the  smallest  opportunity  of  going  wrong. 
This  method  of  feeding  is  one  which  deserves  to  be  much  more  ex- 
tensively employed,  and  might,  in  the  absence  of  private  philan- 
thropy, wisely  be  undertaken  by  municipalities  and  continued  for 
the  four  months  from  May  15th  to  September  15th, 
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9.  The  use,  for  infants,  of  milk  delivered  in  sealed  bottles,  should 
be  encouraged  whenever  this  is  possible,  and  its  advantage  duly  ex- 
plained. Only  the  purest  milk  should  be  taken  raw,  especially  in 
summer. 

10.  Since  what  is  needed  most  is  intelligent  care,  all  possible 
means  should  be  employed  to  educate  mothers  and  those  caring  for 
infants  in  proper  methods.  This,  it  is  believed,  can  most  effectively 
be  done  by  the  visits  of  properly  qualified  trained  nurses  or  women 
physicians  to  the  homes,  supplemented  by  the  use  of  printed  direc- 
tions. 

11.  Bad  surroundings,  though  contributing  to  bad  results  in  feed- 
ing are  not  the  chief  factors.  It  is  not,  therefore,  merely  by  better 
housing  of  the  poor  in  large  cities  that  we  will  see  a  great  reduction 
in  infant  mortality. 

12.  While  it  is  true  that  even  in  tenements  the  results  with  the 
best  bottle  feeding  are  nearly  as  good  as  average  breast  feeding,  it  is 
also  true  that  most  of  the  bottle  feeding  is  at  present  very  badly 
done;  so  that,  as  a  rule,  the  immense  superiority  of  breast  feeding 
obtains.  This  should,  therefore,  be  encouraged  by  every  means,  and 
not  discontinued  without  good  and  sufficient  reasons.  The  time  and 
money  required  for  artificial  feeding,  if  expended  by  the  tenement 
mother  to  secure  better  food  and  more  rest  for  herself,  would  often 
enable  her  to  continue  nursing  with  advantage  to  her  child. 

13.  The  injurious  effects  of  table  food  to  infants  under  a  year  old, 
and  of  fruits  to  all  infants  and  young  children  in  cities,  in  hot 
weather,  should  be  much  more  generally  appreciated. 

Influence  of  Temperature  upon  the  Multiplication  of  Bacteria  in 
Milk. — ^Few,  even  of  the  well  informed,  appreciate  how  great  a  dif- 
ference a  few  degrees  of  temperature  will  make  in  the  rate  of  bac- 
terial multiplication.  Milk  rapidly  and  sufficiently  cooled  keeps 
almost  unaltered  for  thirty-six  hours,  while  milk  insufficiently  cooled 
deteriorates  rapidly. 

The  majority  of  the  bacteria  met  with  in  milk  grow  best  at  tem- 
peratures above  70°  F.,  but  they  also  multiply  slowly  even  at  40° 
F. ;  thus  of  60  species  isolated  by  us,  42  developed  good  growths  at 
the  end  of  seven  days  at  39°  F.  Our  observations  have  shown  that 
the  bacteria  slowly  increase  in  numbers  after  the  germicidal  prop- 
erties of  the  milk  have  disappeared,  and  the  germs  have  become  ac- 
customed to  the  low  temperature.  In  fact,  milk  cannot  be  perma- 
nently preserved  unaltered  unless  kept  at  32°  F.  or  less.  The  degree 
of  cooling  to  which  ordinary  supplies  of  milk  are  subjected  differs 
greatly  in  various  localities.  Some  farmers  chill  their  milk  rapidly, 
by  means  of  pipe  coils  over  which  the  milk  flows;  others  use  deep 
wooden  tanks  filled  with  water  into  which  the  cans  of  milk  are  placed 
soon  after  milking.  In  winter  these  methods  are  very  satisfactory, 
for  the  water  runs  into  the  pipes  or  tanks  at  about  38°  F.  In  warmer 
weather  they  are  unsatisfactory,  unless  ice  is  used,  as  the  natural 
33 
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temperature  of  the  water  may  be  as  high  as  55°  F.  A  considerable 
quantity  of  milk  is  not  cooled  at  all  at  the  farms.  It  is  sent  to  the 
creamery  or  railroad  after  two  to  six  hours,  and  is  then  more  or  less 
cooled.  These  few  hours  in  summer,  when  the  milk  is  left  almost  at 
blood  heat,  allow  an  enormous  development  of  bacteria  to  take  place, 
as  is  shown  in  the  table  below. 

Table  I. — Showing  the  development  of  bacteria  in  two  samples  of  milk  main- 
tained at  different  temperatures  for  twenty-four,  forty-eight,  and  ninety-six  hours, 
respectively.  The  first  sample  of  milk  was  obtained  under  the  best  conditions  pos- 
sible, the  second  in  the  usual  way.  When  received,  specimen  No.  1  contained  3000 
bacteria  per  cc,  specimen  No.  2,  30,000  per  c.c. 

Time  which  elapsed  before  making  test 


Temperature 
Fahrenheit. 

24hr8. 

48hr8. 

96hr8. 

168  hrs. 

32'* 

2400 

2100 

1850 

1400 

30,000^ 

27,000 

24,000 

19,000 

39V 

2500 

3600 

218,000 

4,209,000 

38,000 

56,000 

4,300,000 

38,000,000 

42» 

2600 

3600 

500,000 

11,200,000 

43,000 

210,000 

5,760,000 

120,000,000 

46'* 

3100 

12,000 

1,480,000 

80,000,000 

42,000 

360,000 

12,200,000 

300,000,000 

50** 

11,600 

540,000 

300,000,000 

89,000 

1,940,000 

1,200,000,000 

55« 

18,800 
187,000 

3,400,000 
38,000,000 

60** 

180,000 
900,000 

28,000,000 
168,000,000 

68'' 

450,000 
4,000,000 

86*^ 

1,400,000,000 

14,000,000,000 

Ohservatwns  on  Bacterial  Multiplication  in  Milk  at  90^  F.,  a  Temperature  Com- 
mon in  New  York  in  Hot  Summer  Weather, 

Table  II. — Number  of  Bacteria  per  1  cc. 


Milk  I. 

Milk  II. 

Milk  III. 

Fresh  and  of  good 

Fair  quality  from 

Bad  quality  from 

quality. 

store. 

store. 

Original    number 

5200 

92,000 

2,600,000 

After  two  hours 

8400 

184,000 

4,220,000 

"      four   " 

12,400 

470,000 

19,000,000 

"      six      *' 

68,500 

1,260,000 

39,000,000 

"      eight  " 

654,000 

6,800,000 

124,000,000 

A  sample  of  milk  No.  I.  removed  after  six  hours  and  cooled  to  50®  F.  contained 
145,000,000  at  the  end  of  twenty -four  hours.  Some  of  this  milk,  kept  cool  from 
the  beginning,  contained  but  12,800  bacteria  per  cc.  at  the  end  of  twenty-four 
hours. 

Pasteurization  of  Milk. — ^The  two  dominant  factors  which  control 
the  temperature  and  time  at  which  the  milk  should  be  heated  are 
(1)  the  thermal  death  points  of  pathogenic  bacteria,  and  (2)  the 
thermolabile  food  constituents  of  the  milk.  The  first  factor  is  al- 
most equally  important  for  milk  used  by  persons  of  all  ages,  while 
the  second  factor  is  only  important  for  milk  used  in  children  under 
three. 

*The  figures  referring  to  tests  of  the  second  sample  are  printed  in  heavy-face 
type. 


BACTEBIOLOGY   OF   MILK.  499 

The  exposure  of  bacteria  for  a  short  time  at  a  high  temperature 
is  equivalent  to  a  longer  time  at  a  lower  temperature.  The  fer- 
ments and  other  labile  food  constituents  on  the  other  hand  are  altered 
much  more  by  the  higher  temperature.  It  is  well,  therefore,  to 
choose  the  lowest  possible  temperature  which  will  kill  the  non-spore- 
bearing  pathogenic  bacteria  in  a  practicable  length  of  time.  Such  an 
exposure  is  60°  C.  (140''  F.)  for  thirty  minutes  or  70°  C.  (158°  F.) 
for  15  minutes.  Very  much  shorter  exposures  as  one  minute  at 
70°  C.  will  kill  the  great  majority  of  pathogenic  and  other  bacteria 
in  the  milk  and  add  much  of  safety  as  seen  in  the  tables  below,  but 
it  is  better  to  be  on  the  safe  side. 

Table  showing  effect  of  heat  upon  tubercle  bacUli  in  milk  heated  instantly. 

Degree  of  heat.  Time  exposed.  Amount  milk.  Result  in  guinea  pigs. 

60**  C.  15  min.  1  c.c.  Infection 

(t  20    '*  "  No         '* 

((  30    '^  **  <<  (( 

70"  C.  0.5*   '*  *'  Infection 

tt  2"  *  *  It  (t 

Control  not  heated  •  .001  Infection 

This  milk  was  infected  by  adding  one-fifth  of  its  quantity  of  sputum  rich  in 
tubercle  bacilli. 

The  table  below  shows  the  effect  on  bacteria  in  milk  of  heating  to  70**  C.  for 
one-half  and  one  minute.  Not  only  the  immediate  reduction  in  number  is  seen 
to  be  great,  but  the  difference  continues  when  the  milk  is  kept  cold  for  two  days. 

Two  samples  mixed  from  100  samples  of  inspectors.     Pasteurized  at  160**  F. 
Plates  made  same  day. 

Sample  I.  Sample  II. 

CJontrol 600,000  Control 5,400,000 

%m 2,000  %m 7,400 

Im 1,000  Im 600 

Same  Samples  Kept  in  Icebox  24  hra.  at  45"*  F,  (7**  C). 

Control 6,300,000  Control 21,600,000 

%m 18,000  %m 12,000 

Im 900  Im 3,600 

In  Icebox  48  hrs.  at  45"*  F,  (7**  C). 

Control 16,200,000           Control 63,000,000 

%  m 120,000            %  m 276,000 

1  m 10,000           1  m 90,000 

At  7V  F.  {SS''  C). 

Control 36,600,000  Control   150,000,000 

%  m 5,460,000  ^  m 4,500,000 

1  m 5,400,000  1  m 3.600,000 

1.  The  number  of  bacteria  present  at  the  time  of  milking  and  twenty-four, 
forty-eight,  and  seventy-two  hours  afterward  in  milk  obtained  and  kept  under  cor- 
rect conditions. 

No  preservatives  were  present  in  any  of  the  following  specimens: 

Number  of  Bacteria  in  Milk  Produced  under  Different  Conditions. 

1.  Pure  milk  obtained  where  every  reasonable  means  was  taken  to  ensure  cleanli- 
ness. The  long  hairs  on  the  udder  were  clipped;  the  cows  roughly  cleaned  and 
placed  in  clean  barns  before  milking;   the  udders  were  wiped  off  just  previous 

*Most  of  the  guinea  pigs  were  not  infected  by  the  milk  heated  for  one-half 
minute. 
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to  milking;  the  hands  of  the  men  were  washed  and  dried;  the  pails  used  had 
small  (six-inch)  openings,  and  were  thoroughly  cleaned  and  sterilized  by  steam 
before  use.  Milk  cooled  within  one  hour  after  milking  to  45**  F.,  and  subse- 
quently kept  at  that  temperature.  The  first  six  specimens  were  obtained  from 
individual  cows;  the  last  six  from  mixed  milk  as  it  flowed  at  different  times  from 
the  cooler.     Temperature  of  bams  55*^  F. 

Number  of  Bacteria  in  1  ex,  of  Milk.^ 


Shrs. 
after  milking. 

500 

700 
19,900 

400 

900 
13,600 


From  sUd  individual  cows. 


After  24  hra. 

700 

700 
5200 

200 
1600 
3200 


After  48  hra. 
12,500 
29,400 
24,200 
8600 
12,700 
19,500 


After  72  hrs. 
Not  counted. 


Average 


6000 

1933 

17,816 

From 

mimed  mUk 

of  entire  herd. 

6900 

12,000 

19,800 

494,000 

6100 

2200 

20.200 

550,000 

4100 

700 

7900 

361,000 

1200 

400 

7100 

355,000 

6000 

900 

9800 

445,000 

1700 

400 

8700 

389,000 

Average 


4333 


2766 


10,583 


329,000 


Twenty-five  samples  taken  separately  from  individual  cows  on  another  day  and 
tested  immediately  averaged  4550  bacteria  per  c.c.  and  4500  after  twenty-four 
hours.     These  twenty-five  specimens  were  kept  at  between  45®  and  50*  F. 

2.  Milk  taken  during  winter  in  well- ventilated,  fairly  clean,  but  dusty  bams. 
Visible  dirt  was  cleaned  off  the  hair  about  the  udder  before  milking.  Milkers' 
hands  were  wiped  off,  but  not  washed.  Milk  pails  and  cans  were  clean,  but  the 
straining  cloths  dusty.     Milk  cooled  within  two  hours  after  milking  to  45*^  F. 

Number  of  Bacteria  in  1  c.c.  of  Milk. 
At  time  of  milking.  After  24  hra.  After  48  hra. 

12,000  14,000  57,000 

13,000  20,000  65,000 

21,500  31,000  106,000 


Average 


15,500 


21,666 


76,000 


Number  in  City  Milk, 


3.  The  condition  of  the  average  city  milk  is  very  different,  and  is  shown  in  the 
following  tables. 

The  twenty  samples  were  taken  late  in  March  by  Inspectors  of  the  Department 
of  Health  of  New  York  City  from  cans  of  milk  immediately  upon  their  arrival  in 
the  city. 

^  Number  of  bacteria  obtained  from  development  of  colonies  in  nutrient  agar  in 
Petri  plates.  The  nutrient  medium  contained  2  per  cent,  peptone  and  1.2  per 
cent,  agar,  and  was  faintly  alkaline  to  litmus.  One  set  of  plates  were  usually 
left  four  days  at  about  20"  C,  and  one  set  twenty-four  hours  at  37**  C.  and  then 
twenty-four  hours  at  20**  C.  From  5  to  300  per  cent,  more  colonies  developed  as 
a  rule  in  the  plates  kept  at  room  temperature  than  in  those  kept  for  twenty-four 
hiAiTs  at  37**  C.  The  milk  was  diluted  as  desired  with  100  or  10,000  parts  of 
sterile  water,  and  1  c.c.  of  the  diluted  milk  was  added  to  8  c.c.  of  melted  nutrient 
agar.  Plates  containing  over  1000  colonies  were  found  to  be  inaccurate,  in  that 
they  gave  too  low  totals.  Apparently  a  considerable  number  of  bacteria  failed 
to  develop  colonies  when  too  many  were  added  to  the  nutrient  agar.  Nutrient 
gelatin  was  found  to  be  more  troublesome  and  not  to  yield  more  accurate  results 
than  nutrient  agar. 
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The  temperature  of  the  atmosphere  averaged  50**  F.  during  the  previous  twenty- 
four  hours.  The  temperature  of  the  milk  when  taken  from  the  cans  averaged 
45®  F.  Much  of  this  milk  had  been  carried  over  two  hundred  miles.  From  the 
time  of  its  removal  from  the  cans,  which  was  about  2  a.  m.,  until  its  dilution  in 
nutrient  agar,  at  10  A.  M.,  the  milk  was  kept  at  about  45**  F. 

From  Neto  York  and  Hudson  River  RaUro<id.  From  Harlem  Railroad. 

No.  of  bacteria  No.  of  bacteria 

No.  of  sample.  in  1  cc.         No.  of  sample.  in  1  cc. 

50  35,200,000     48  6,200,000 

51  13,000,000     49 2,200,000 

52  2,500,000  50  15,000,000 

53 1,400,000  51  70,000 

54  200,000  52  80,000 

65 600,000  53  320,000 

While  the  above  figures  indicate  that  much  of  the  milk  sold  is  fair, 
even  in  summer,  they  show  an  appalling  condition  for  most  of  that 
sold  to  the  poorer  classes — those  who  not  only  comprise  the  larger 
part  of  the  population,  but  who  are  also  compelled  to  keep  their  chil- 
dren in  town  during  the  hot  weather. 

It  must  be  kept  in  mind  that  milk  averaging  3,000,000  bacteria 
per  cubic  centimetre  will,  when  kept  at  the  temperature  common  in 
the  homes  of  the  poor,  soon  contain  very  largely  increased  numbers 
and  show  its  dangerous  condition  by  turning  sour  and  curdling. 

Cleanliness  Used  in  Obtaining  KKlk,  and  its  Influence. — ^The  pres- 
ent condition  under  which  much  of  the  milk  is  obtained  are  not 
pleasant  to  consider.  In  winter,  and  to  a  less  extent  at  other  seasons 
of  the  year,  the  cows  in  many  stables  stand  or  lie  down  in  stalls  in 
the  rear  portion  of  which  there  is  from  one  to  four  inches  of  manure 
and  urine.  When  milked  the  hands  of  the  milkers  are  not  cleansed, 
nor  are  the  under  portions  of  the  cows,  only  visible  masses  of  man- 
ure adhering  to  the  hair  about  the  udder  being  removed.  Some 
milkers  even  moisten  their  hands  with  milk,  to  lessen  friction,  and 
thus  wash  off  the  dirt  of  their  hands  and  the  cow's  teats  into  the  milk 
in  the  pails.  Some  may  regard  it  as  an  unnecessary  refinement  to 
ask  that  farmers  should  roughly  clean  the  floors  of  their  stalls  once 
each  day,  that  no  sweeping  should  be  done  just  before  milking,  and 
that  the  udders  should  be  wiped  with  a  clean  damp  cloth  and  the 
milkers  should  thoroughly  wash  and  wipe  their  hands  before  com- 
mencing milking.  The  pails  and  cans  should  not  only  be  carefully 
cleansed,  but  afterward  scalded  out  with  boiling  water.  The  wash- 
ing of  the  hands  would  lessen  the  number  of  ordinary  filth  bacteria 
in  the  milk,  and  diminish  risk  of  transmitting  to  milk  human  infec- 
tious diseases  like  scarlet  fever,  diphtheria,  and  enteric  fever,  by  the 
direct  washing  off  of  the  disease  germs  from  infected  hands.  It 
would  also  inculcate  general  ideas  of  the  necessity  of  cleanliness 
and  of  the  danger  of  transmitting  disease  through  milk.  The  value 
of  cleanliness  in  limiting  the  number  of  bacteria  is  demonstrated  by 
the  figures  contained  in  the  tables. 

Ckneral  Conclusions. — Because  of  its  location  and  its  hairy  cov- 
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ering  the  cow's  udder  is  always  more  or  less  soiled  with  dirt  and 
manure  unless  cleaned.  On  account  of  the  position  of  the  pail  and 
the  access  of  dust-laden  air  it  is  impossible  to  obtain  milk  by  the 
usual  methods  without  mingling  with  it  a  considerable  number  of  bac- 
teria. With  suitable  cleanliness,  however,  the  number  is  far  less 
than  when  filthy  methods  are  used,  there  being  no  reason  why  fresh 
milk  should  contain  in  each  cubic  centimetre,  on  the  average,  more 
than  12,000  bacteria  per  c.c.  in  warm  weather  and  5000  in  cold 
weather.  Such  milk,  if  quickly  cooled  to  46°  F.,  and  kept  at  that 
temperature,  will  at  the  end  of  thirty-six  hours  contain  on  the  aver- 
age less  than  50,000  bacteria  per  cubic  centimetre,  and  if  cooled  to 
40°  F.  will  average  less  than  its  original  number. 

With  only  moderate  cleanliness  such  as  can  be  employed  by  any 
farmer  without  adding  appreciably  to  his  expense,  namely,  clean 
pails,  straining  cloths,  cans  or  bottles,  and  hands,  a  fairly  clean  place 
for  milking,  and  a  decent  condition  of  the  coVs  udder  and  the  ad- 
jacent belly,  milk  when  first  drawn  will  not  average  in  hot  weather 
over  30,000,  and  in  cold  weather  not  over  25,000  bacteria  per  cubic 
centimetre.  Such  milk,  if  cooled  and  kept  at  50°  F.,  will  not  con- 
tain at  the  end  of  twenty-four  hours  over  100,000  bacteria  per  cubic 
centimetre.  If  kept  at  40°  F.  the  number  of  bacteria  will  not  be 
over  100,000  per  cubic  centimetre  after  forty-eight  hours. 

If,  however,  the  hands,  cattle^  and  barns  are  filthy,  and  the  pails 
are  not  clean,  the  milk  obtained  under  these  conditions  will,  when 
taken  from  the  pail,  contain  very  large  numbers  of  bacteria,  even  up 
to  a  million  or  more  per  cubic  centimetre. 

Freshly  drawn  milk  contains  a  slight  and  variable  amount  of 
bactericidal  substances  whidi  are  capable  of  inhibiting  bacterial 
growth.  At  temperatures  under  50°  F.  these  substances  act 
efficiently  (unless  the  milk  is  filthy)  for  from  twelve  to  twenty-four 
hours,  but  at  higher  temperatures  their  effect  is  very  soon  completely 
exhausted,  and  the  bacteria  in  such  milk  will  then  rapidly  increase. 
Thus  the  bacteria  in  fresh  milk  which  originally  numbered  5000  per 
cubic  centimetre  decreased  to  2400  in  the  portion  kept  at  42°  F.  for 
twenty-four  hours,  but  rose  to  7000  in  that  kept  at  50°  F.,  to  280,- 
000  in  that  kept  at  65°  F.,  and  to  12,500,000,000  in  the  portion 
kept  at  95°  F. 

As  we  have  seen,  the  milk  in  New  York  City  is  found  on  bacterio- 
logical examination  to  contain,  as  a  rule,  excessive  numbers  of  bac- 
teria. During  the  coldest  weather  the  milk  in  the  shops  averages 
over  300,000  bacteria  per  cubic  centimetre,  during  cool  weather 
about  1,000,000,  and  during  hot  weather  about  5,000,000.  The 
milk  in  other  large  cities  is,  from  all  accounts,  in  about  the  same 
condition. 

The  above  statement  holds  for  milk  sold  at  the  ordinary  shops, 
and  not  that  of  the  best  of  the  special  dairies,  where,  as  previously 
stated,  the  milk  contains  only  from  1000  to  30,000  bacteria,  ac- 
cording to  the  season  of  the  year. 
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The  question  might  be  raised,  Are  even  these  enormous  numbers 
of  bacteria  often  found  in  milk  during  hot  weather  harmful  ? 

Our  knowledge  is  probably  as  yet  insufficient  to  state  just  how 
many  bacteria  must  accumulate  to  make  Ihem  noticeably  dangerous 
in  milk.  Some  varieties  are  undoubtedly  more  harmful  than  others 
and  we  have  no  way  of  restricting  the  kinds  that  will  fall  into  milk, 
except  by  enforcing  cleanliness.  We  have  also  to  consider  that  milk 
is  not  entirely  used  for  some  twelve  hours  after  being  purdiased,  and 
that  during  all  this  time  bacteria  are  rapidly  multiplying,  especially 
where,  as  among  the  poor,  no  provision  for  cooling  it  is  made. 
Slight  changes  in  the  milk  which  to  one  child  would  be  harmless, 
would  in  another  produce  disturbances  which  might  lead  to  serious 
disease.  A  safe  conclusion  is  that  no  more  bacterial  contamination 
should  be  allowed  than  it  is  practicable  to  avoid.  Any  intelligent 
farmer  can  use  sufficient  cleanliness  and  apply  sufficient  cold,  with 
almost  no  increase  in  expense,  ^^  cent  per  quart,  to  supply  milk 
twenty-four  to  thirty-six  hours  old  which  will  not  contain  in  each 
cubic  centimetre  over  50,000  to  100,000  bacteria,  and  no  milk  con- 
taining more  bacteria  should  be  sold. 

The  most  deleterious  changes  which  occur  in  milk  during  its  trans- 
portation are  now  known  not  to  be  due  to  skimming  off  the  cream,  or 
to  the  addition  of  water,  but  to  the  changes  produced  in  the  milk  by 
multiplication  of  bacteria.  During  this  multiplication,  acids  and 
distinctly  poisonous  bacterial  products  are  added  to  the  milk,  to  sudi 
an  extent  that  much  of  it  has  become  distinctly  deleterious  to  infanta 
and  invalids.  It  is  the  duty  of  health  authorities  to  prevent  the  sale 
of  milk  rendered  unfit  for  use  through  excessive  numbers  of  bacteria 
and  their  products. 

The  culture  tests  to  determine  the  number  of  bacteria  present  in 
any  sample  of  milk  require  at  least  forty-eight  hours ;  so  that  the  sale 
of  milk  found  impure  cannot  be  prevented.  It  will,  however,  be  the 
purpose  of  the  authorities  gradually  to  force  the  farmers  and  the 
middlemen  to  use  cleanliness,  cold,  and  dispatch  in  the  handling  of 
their  milk,  rather  than  to  prevent  the  use  of  the  small  amount  tested 
on  any  one  day. 

If  tiie  milk  on  the  train  or  at  the  dealer^s  were  found  to  contain  ex- 
cessive numbers  of  bacteria,  the  farmers  would  be  cautioned  and 
instructed  to  carry  out  the  simple  necessary  rules,  which  would  be 
furnished. 

Transmission  of  Oontagions  Diseases  throngh  Milk. — iN'o  farmer 
or  dairyman  should  allow  anyone  who  has  a  contagious  disease,  or 
who  has  been  in  contact  with  any  person  having  scarlet  fever,  typhoid 
fever,  measles,  diphtheria,  or  consumption,  to  have  access  to  the  cat- 
tle, or  to  have  any  connection  with  the  milk  or  milking,  or  with  the 
milk  utensils.  Epidemics  and  outbreaks  of  contagious  disease  are 
often  produced  through  the  infection  of  the  milk  in  this  way.  Every 
year  epidemics  occur  which  have  been  traced  to  milk  contaminated 
by  ignorant  or  careless  milkmen,  who  have  infected  their  milk  from 
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their  dirty  hands  or  the  dirty  water,  or  in  other  careless  ways.  This, 
of  course,  is  entirely  unnecessary  and  can  be  prevented.  The  ex- 
tent of  this  danger  may  be  judged  by  the  fact  that  five  years  ago 
there  was  published  in  one  of  tiie  medical  journals  a  report  upon 
330  outbreaks  of  epidemic  diseases  traced  to  milk;  196  of  these 
were  epidemics  of  typhoid  fever,  in  147  of  which  the  disease  pre- 
vailed at  the  dairy  or  farm ;  in  67  it  was  due  to  contamination  of 
well-water;  in  24,  employes  at  the  farm  were  acting  as  nurses,  and 
in  10  they  were  working  while  still  sick.  There  were  99  epidemics 
of  scarlet  fever,  in  68  of  which  the  source  of  infection  was  traced  to 
the  illness  of  persons  at  the  dairy;  in  17  the  employes  were  them- 
selves suffering  from  scarlet  fever,  and  in  10  they  were  acting  as 
nurses  to  scarlet  fever  patients.  In  other  cases  the  mode  of  infec- 
tion was  through  the  storage  of  milk  near  infected  rooms,  or  the 
poison  was  brought  by  cans  or  bottles  from  patients'  houses.  There 
were  36  epidemics  of  diphtheria,  in  13  of  which  the  disease  existed 
at  the  farm  or  dairy.  The  importance  of  milk  in  the  transmission  of 
Malta  fever  and  of  tuberculosis  to  young  children  is  considered  in 
the  chapters  on  those  diseases. 

Lactic  Acid  Producing  Bacilli.— Metdinikoff,  Hueppe  and  others 
have  lately  urged  the  more  general  use  both  by  mouth  and  rectum  of 
milk  soured  by  lactic  acid  bacilli.  These  bacilli  are  also  given  in 
tablet  form  in  diseases  of  the  digestive  tract  In  the  fermentation 
of  the  milk  they  not  only  add  add  and  other  products  but  also  split 
up  the  lactose,  thus  removing  much  of  the  sugar.  It  does  not  seem 
to  make  much  difference  which  of  the  strains  of  lactic  acid  bacilli 
are  employed  (see  pages  250-251).  Cultures  of  these  bacilli  have 
also  been  sprayed  upon  the  diseased  naso-phamygeal  mucous  mem- 
branes with  apparently  beneficial  results. 


PART  IIL 
PROTOZOA. 


CHAPTEE  XXXIX. 
CLASSIFICATION  AND   GENERAL   CHARACTERISTICS. 

Introduction. — Eecent  discoveries  in  regard  to  the  origin  of  hu- 
man diseases  are  adding  to  the  number  caused,  or  probably  caused  by 
Protozoa.  Indeed  the  knowledge  of  the  protozoan  nature  of  the  spe- 
cific etiological  factor  in  malaria,  the  first  human  disease  shown  to 
be  due  to  a  protozoan,  is  comparatively  recent  The  evidence  which 
has  been  accumulating  in  favor  of  the  idea  that  a  certain  form  of 
dysentery  is  due  to  an  ameba  is  gaining  ground;  quite  recently 
sleeping  sickness  and  kala-azar  have  been  added  to  the  list  of  proto- 
zoan diseases,  and  it  is  now  thought  that  some  if  not  all  of  the  mem- 
bers of  the  group  of  contagious  diseases,  known  as  the  exanthemata, 
may  be  due  to  infection  witii  organisms  belonging  to  this  sub-king- 
dom; therefore  it  becomes  more  and  more  necessary  for  those  in- 
terested in  the  etiology,  course,  and  prevention  of  disease  to  obtain 
a  more  definite  understanding  of  this  great  group  of  microorganisms. 

Historical  Kotes.^ — The  history  of  protozoa  begins  with  that  of  bacteria 
in  the  discoveries  of  A.  Van  Leeuwenhoeck  and  his  followers  during  the 
latter  part  of  the  seventeenth  century."  At  that  time  all  of  the  microscopic 
organisms  seen  were  classed  together  as  little  animals.  Indeed  all  of  the 
microorganisms  first  described  at  any  length  were  probably  protozoa  and 
only  after  further  improvement  of  lenses  and  a  more  minute  study  of  the 
organisms  were  bacterial  forms  gradually  recognized  as  a  separate  class. 

The  same  scepticism  that  is  seen  in  the  acceptance  of  most  new  discoveries 
was  displayed  by  doubters  of  the  truth  of  these  early  reports  of  microscopic 
findings.  Chief  among  the  sceptics  must  be  placed  Linnaeus  who  in  the  first 
edition  of  his  Sy sterna  Natura  (1735)  absolutely  denies  the  existence  of 
Leeuwenhoeck's  animalcula  though  in  the  later  editions  he  grudgingly  admits 
them  under  the  significant  generic  name  of  Chaos  {Chckos  proteus  (Amceba), 
etc.). 

The  first  ideas  of  the  structure  of  the  protozoa  were  drawn  from  analogy. 
The  early  observers  thought  that  each  tiny  organism  possessed  an  internal 
structure  made  up  of  organs  and  tissues  similar  to  those  in  metazoa.  They 
could  not  conceive  of  motion  without  articulation,  tendons,  and  muscles; 
nor  of  food  absorption  without  an  alimentary  tract,  and  they  were  so  im- 
pressed with  the  ideas  of  what  they  thought  they  ought  to  see  that  they  were 
convinced  that  they  really  saw  many  of  the  complicated  structures  possessed 
by  metazoa.    For  example,  the  contractile  vacuole,  a  characteristic  pulsating 

'  Most  of  this  sketch  is  abstracted  from  Calkin 's  excellent  review  in  his  book 
on  '*  The  Protozoa." 
•See  Part  L 
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vesicle  of  the  protozoa,  discovered  by  Joblot  in  1754  was  thought  by  many 
to  be  lungs,  other  vacuoles  were  said  to  be  stomachs,  the  mouths  were  often 
seen  and  the  rest  of  the  alimentary  tract  was  supplied  from  the  imagination; 
the  red  pigment  spots  of  many  forms  were  interpreted  as  true  eyes,  etc. 
There  were  many  opponents  to  these  views,  however,  and  the  idea  of  the 
cell  being  the  unit  of  structure,  which  was  advanced  by  Schleiden  in  1838, 
helped  determine  the  fact  that  protozoa  were  single  cells  with  no  definite 
organic  structure. 

With  the  publications  of  Dujardin  (1835-41)  a  correct  idea  of  the  struc- 
tural simplicity  of  the  microorganisms  gained  ground.  But  for  some  time 
after,  the  controversy  r^arding  the  simple  nature  of  protozoa  was  stren- 
uously carried  on.  It  is  a  most  instructive  bit  of  history  in  research  work, 
showmg  how  the  lack  of  minute  observation,  the  exercise  of  a  too  vivid 
imagination,  and  the  close  reasoning  from  analogy  may  lead  one  astray, 
while  the  proper  use  of  these  functions  may  bring  out  the  truth. 

Kolliker,  Biitschli,  Engelmann  and  Hertwig,  with  many  others  (1870-80) 
finally  demonstrated  fully  the  unicellular  nature  of  the  protozoa. 

The  most  important  characteristic  of  a  protozoan,  its  life  history,  was 
first  partially  made  out  by  Trembley  in  1714  47. 

Biitschli  helped  determine  the  sexual  activities  of  the  members  of  this 
group  while  Maupas  (1889)  was  the  first  to  demonstrate  the  conditions 
leading  to  their  conjugation. 

Ori^  of  Protozoa. — Though  Leeuwenhoeck  and  one  or  two  others  be- 
lieved that  the  animalcules  developed  from  minute  eggs  or  germs,  the  great 
majority  of  investigators  thought  that  these  low  forms  of  life  arose  by  spon- 
taneous generation,  and  it  was  not  until  late  in  the  nineteenth  century  that 
it  was  finally  proved  that  under  known  conditions  each  living  organism 
arises  from  a  specific  spore  or  its  prototype.  When  and  how  life  began  no 
one  is  yet  able  to  say.  That  spontaneous  generation  did  take  place  in  the 
remote  past  is  possible,  that  it  may  even  be  taking  place  now  under  unknown 
conditions  is  conceivable,  but  all  such  ideas  are  purely  hypothetical. 

Though  it  was  known  comparatively  early  in  the  study  of  protozoa  that 
many  forms  grow  on  and  in  the  higher  animals  and  plants  as  parasites  and 
that  probably  they  had  an  etiological  relationship  to  certain  diseases  it  was  not 
until  recently  that  definite  forms  were  shown  to  be  the  cause  of  definite  dis- 
eases in  human  beings.  Up  to  the  present  time,  however,  the  pathogenic 
forms  worked  out  are  so  few,  that  in  their  further  study,  and  in  the  study  of 
new  forms  we  must  still  find  many  of  our  analogies  in  the  more  distantly 
related  but  better  known  non-pathogenic  tjrpes.  For  this  reason  we  include  in 
this  section  some  types  of  the  common  protozoa  which  are  easily  obtained 
for  class  study. 

Msiterials  Required  for  the  Study  of  Protozoa^ — ^Most  of  tlie  appa- 
ratus and  chemicals  described  in  Part  I.  as  neoessary  for  the  study 
of  bacteria  are  also  used  in  examining  protozoa.  Attention  may  be 
called  to  the  following  essential  things. 

Small  glass  pipettes  with  rubber  caps.  Some  of  these  should  be  very 
finely  drawn  out  for  the  purpose  of  isolating  individual  protozoa  in  fluid 
media. 

Platinum  needles. 

Shallow  glass  dishes  with  ground  glass  covers  for  studying  large  numbers 
of  protozoa  in  fluid  media. 

Cover  glasses  and  plain  hollow  glass  slides. 

Petri  dishes  for  the  "  pure  mixed  "  cultures  of  amebsB. 

Glass  jars,  with  ground  glass  covers,  for  holding  fixing  and  staining  fluids. 

A  microscope  similar  to  the  one  described  under  bacteria. 

Drawing  materials. 

*  See  Part  I. 
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The  general  fixing  fluids  are:  (1)  Sublimate  alcohol;  two  parts  of  con- 
centrate watery  corrosive  sublimate  solution  and  one  part  absolute  alcohol; 
5  per  cent,  glacial  acetic  acid  may  be  added  to  this  mixture  just  before 
using.  For  the  use  of  this  in  smear  and  section  preparations  see  page  521. 
Saturated  sublimate  +  5  per  cent,  glacial  acetic  acid  is  also  good. 

(2)  Two  per  cent,  osmic  acid  (to  be  kept  in  a  red  glass  with  a  ground 
glass  stopper) .  Moist  smears  are  exposed  to  its  fumes  for  a  few  seconds,  small 
pieces  for  sections,  four  to  eight  hours,  then  carried  through  the  various 
alcohols  and  xylol  and  mounted  or  embedded  in  the  usual  way. 

(3)  Hermann's  fluid. — Platinum  chloride  15  c.cm.  of  a  one  per  cent,  solu- 
tion, osmic  acid  4  c.cm.  of  a  2  per  cent,  solution,  glacial  acetic  acid  1  c.cm. 

Staining  Solntions:  ^ 

1.  Picro-carmine. 

2.  Giemsa's  solution  (see  p.  609). 

3.  Loeffler's  flagella  mordant  (see  p.  64). 

4.  Delafield's  haematoxylin. 

5.  Carbol-fuchsin  (see  p.  62). 

6.  Iron-hsBmatoxylin,  Weigert. 

7.  Basic  fuchsin — saturated  alcoholic  solution. 

8.  Methylene-blue — saturated  alcoholic  solution. 

9.  Eosin,  watery  solution  (10  per  cent.). 
10.  Bordeaux,  red,  weak  watery  solution. 
Weigert's  iron  hematoxylin  stain  is  as  follows: 

(a)  Mordant   and   differentiating  fluid:    Iron   oxydammonium   sulphate, 
2.5  g. ;  Distilled  water,  100  c.cm. 

(b)  Staining  fluid:  Haematoxylin,  1  g.;  Alcohol,  10  c.cm.;  Distilled  H,0, 
90  c.cm. 

To  be  kept  in  a  red  bottle  and  allowed  to  stand  for  about  four  weeks 
before  using.    For  use  see  page  522. 
Other  fluids  used : 

Physiological  salt  solution  (0.6-0.8  per  cent.). 

Sodium  citrate  solution  (2.5-5  per  cent.). 

Iodine  alcohol  (iodine  added  until  color  is  a  clear  brown). 

Acid  alcohol  (0.1  c.cm.  HCl  in  100  c.cm.  of  70  per  cent,  alcohol). 

Alcohols  60,  70,  95,  and  100  per  cent. 

Xylol. 

Paraffins  for  embedding  (see  p.  610). 

Cedar  oil. 

Canada  balsam. 

Oeneral  Characteristics. — ^AU  animal  organisms  consisting  through- 
out their  entire  life  of  a  single  cell  or  of  a  colony  of  single  cells  are 
called  protozoa,  or  the  simplest  forms  of  animal  life. 

Relationship  to  Other  Microdrganisms. — They  are  classed  as  the  low- 
est animals,  but  they  are  so  closely  related  to  the  protophyta  or  lowest 
plant  forms  on  one  side  and  the  metazoa  or  many-celled  animals 
on  the  other,  that  it  is  diflScult  to  mark  out  a  sharp  line  of  distinc- 
tion on  either  side.  Following  Ilaeckel,  some  authors  group  tliem 
with  the  bacteria  and  other  closely  related  forms  as  protista,  but  in 
such  a  group  they  should  be  regarded  as  of  a  higher  grade  than  bac- 
teria because  of  their  greater  complexity  in  structure  and  life  cycle.* 

Whether  one  of  the  simplest  microdrganisms  is  a  plant  or  an  animal  is 
often  difficult  to  decide,  hence  there  are  a  number  of  forms  which  are  claimed 

*The  formulas  for  moat  of  these  stains  are  given  in  Part  T.  under  staining 
methods.  The  solutions  may  be  obtained  ready  for  use  from  Griibler,  Leipzig^  or 
by  his  agents  throughout  the  world. 

» See  Part  I. 
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by  both  botanists  and  zoologists.  For  example  the  Myeetozoa  are  described 
by  boUi,  and  some  members  of  the  group  are  contested  for  by  each.  Again  it  is 
not  yet  decided  whether  the  spirochetes  belong  to  the  bacteria  or  to  the 
protozoa. 

The  difficulty  in  deciding  as  to  the  plant  or  animal  nature  of  these 
low  organisms  is  due  to  the  fact  that  the  obvious  differences  which  exist 
between  a  higher  plant  and  a  higher  animal  are  not  seen  here.  There  is  no 
one  distinctive  characteristic  which  separates  the  lowest  plants  from  the 
lowest  animals.  In  the  broad  sense,  vegetal  nutrition  is  the  using  of  more 
simple  nitrogenous  substances  than  the  proteids  or  peptones  need^  by  ani- 
mals, as  well  as  the  mineral  substances  and  the  organic  carbon  compounds 
required  to  build  up  their  protoplasm.  But  if  we  classify  organisms  ac- 
cording to  their  morphology  we  fbid  that  many  forms  placed  with  the  Bac- 
teria require  complex  specially  prepared  food  similar  to  that  needed  by 
animals;  likewise,  if  we  depend  upon  a  physiologic  distinction,  we  find  that 
chlorophyl  which  is  supposed  to  be  a  characteristic  plant  substance  is  pos- 
sessed both  by  some  bacteria  and  by  some  protozoa;  and  so  on,  through  the 
whole  list  of  supposed  differential  characteristics.  Even  when  we  do  the 
better  thing  and  make  a  third  kingdom,  the  protista,  some  doubtful  forms  wiH 
always  be  found  on  the  border  line. 

Stracture  and  Composition.— In  general  it  may  be  said  that  each 
protozoan  is  composed  of  protoplasm  which  is  diiferentiated  into 
cytoplasm  and  nucleus  (or  nuclear  substances),  both  of  whidi  show 
many  variations  in  the  several  groups  into  which  the  protozoa  are 
divided ;  and  that  each  individual  undergoes  a  more  or  less  compli- 
cated life-cycle,  appearing  in  different  forms  at  different  stages  of 
development 

The  Cytoplasm  (Fig.  149,  p.  523)  varies  greatly  in  composition 
and  structure  according  to  the  stage  of  development  and  the  sur- 
rounding conditions.  It  consists  of  a  mixture  of  substances,  the 
most  important  of  which  belong  to  the  proteids.  It  is  more  or  less 
fluid  but  because  of  differences  in  the  density  and  solubility  of 
the  several  parts  it  often  presents  an  alveolar,  linear,  or  granular 
structure,  which  may  come  out  clearly  in  fixed  and  stained  speci- 
mens, but  is  usually  not  well  seen  in  the  living  cells.  Frequently 
the  protozoan  cytoplasm  is  differentiated  into  a  thicker  viscid,  more 
homogeneous,  or  hyaline  outer  layer  called  the  ectoplasm  and  a 
more  fluid  granular  central  portion  called  the  entoplasm.  (Fig.  152, 
p.  528.)  The  two  layers  have  different  functions.  From  the  ecto- 
plasm Ae  so-called  pseudopods  (false  feet)  or  other  organs  of  loco- 
motion or  prehension  pass  out.  This  layer  also  helps  introduce  and 
excrete  food  and  air.  Some  of  the  various  organs  of  motion,  con- 
traction and  prehension  passing  out  from  the  body  arise  in  the  ento- 
plasm, though  most  seem  to  come  from  the  ectoplasm  only.  There 
are  flagella  (whip-like  threads),  cilia  (hair  filaments),  suctorial 
tubules  (through  which  food  passes)  and  myonemes  (contractile  part 
of  the  ectoplasm  in  infusoria,  gregarines  and  a  few  flagellates). 
Other  organs,  or  organelles  as  they  are  called  by  some,  are  found  in 
certain  species,  such  as  a  definite  oral  place  for  the  ingestion  of  food 
(cytostom)  with  sometimes  a  curs^ed  opening  leading  to  the  ento- 
plasm ;  a  special  anal  part  where  the  indigestible  portion  is  dejected 
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(cytopyge).  In  rare  cases  definite  parts  sensitive  to  lights  the  so- 
called  pigment  spots  (englena)  are  developed.  The  entoplasm  digests 
the  food  and  contains  the  nucleus.  It  may  contain  various  granules 
which  have  been  given  special  names  as  microsomes,  plasmosomes, 
etc.  These  are  generally  products  of  food  metabolism.  The  ento^ 
plasm  also  contains  many  different  sized  vacuoles  which  serve  as  food 
digestors,  and  hence  contain  digestive  ferments.  The  so-called  con- 
tractile vacuoles  which  periodically  fill  and  empty  themselves  may  be 
considered  as  excretory  organelles. 

Further,  fibrils  of  elastic  consistency  may  often  be  demonstrated 
in  the  cytoplasm.  These  are  probably  instrumental  in  helping 
motion.  Other  substances  are  seen  from  time  to  time  in  the  ento- 
plasm, such  as  bacteria,  red  blood  cells,  fatty  granular  pigments,  bub- 
bles of  gas,  crystals,  etc  Some  protozoa  secrete  solid  skeletal  sub- 
stances in  or  on  the  ectoplasm,  as  the  chalky  shells  of  Foramirdfera, 
and  the  silicious  framework  of  Radiolaria,  etc  But  these  species 
as  far  as  is  known,  belong  to  the  non-pathogenic  protozoa. 

The  Nndeiis  (Fig.  149,  p.  523). — The  second  element  of  a  pro- 
tozoan that  is  always  present  is  the  nucleus  or  the  nuclear  substance 
which  varies  in  size,  number  and  structure  according  to  the  species 
and  the  stage  of  development  The  simplest  morphologic  nucleus 
is  a  vesicular  body  which  is  differentiated  from  the  cytoplasm  by  its 
principal  constituent  chromatin  so-called  because  it  has  a  strong 
affinity  for  certain  basic  staining  materials.  Chromatin  consists 
mostly  of  nuclein  and  appears  in  the  form  of  smaller  or  larger  gran- 
ules, masses  or  rods.  Though  always  having  the  same  general  stain- 
ing characteristics,  chromatin  is  composed  of  many  substances  having 
different  physiologic  as  well  as  chemic  activities. 

Gx?nerally  the  chromatin  particles  are  mixed  with  a  second  less 
intensely  staining  substance  with  more  of  an  affinity  for  acid  stains, 
called  plastin  or  paranuclein,  similar  to  the  substance  from  which 
the  true  nucleolus  of  the  metazoan  cell  seems  to  be  formed.  This 
substance  may  appear  in  one  or  more  distinct  rounded  bodies. 
Most  of  the  chromatic  substances  of  the  nucleus  in  many  pro- 
tozoa are  often  massed  together  in  an  intensely-staining  ball-like 
body  called  the  karyosome  which  undergoes  various  cyclic  changes 
during  the  growth  and  development  of  the  organism.  The  centro- 
some  is  generally  embedded  in  the  karyosome;  the  latter  indeed  is 
often  simply  the  centrosoine  and  attraction  sphere.  The  diromatin 
and  plastin  lie  imbedded  in  a  third  substance  in  the  form  of 
an  achromatic  network  called  linin  which  is  closely  related  to  the 
cytoplasmic  network.  This  network  is  filled  with  the  so-called  nu- 
clear sap.     There  may  or  may  not  be  a  definite  nuclear  membrane. 

Chromidia  (Fig.  164,  p.  571). — As  a  result  of  physiologic  con- 
ditions, or  definitely  in  the  course  of  the  regular  developmental 
cyelo  in  some  species,  the  chromatic  substances  of  the  nucleus  may 
pass  out  into  the  cytoplasm  in  the  form  of  granules,  small  irregular 
masses,    threads,    network,    etc.     These    chromatin    elements    were 
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named  "  Chromidien  ^'  by  R.  Hertwig  who  in  1902  first  described 
their  appearance.  Their  function  in  generative  processes  was 
demonstrated  in  1903  by  Schaudinn.  During  their  formation  the 
nucleus  may  entirely  disappear,  so  that  morphologically  the  cell 
may  be  considered  non-nuclear.  At  a  certain  time,  thereafter,  new 
typical  nuclei  may  be  formed  from  these  chromidial  substances. 

Somatic  and  Oenerative  Chromatin, — It  has  been  shown  that 
some  chromatic  substances  of  the  cell  have  physiologic  properties 
different  from  others.  At  times  substances  which  have  only  v^e- 
tative  properties  are  active,  forming  the  so-called  somatic  or  trophic 
chromatin ;  at  other  times,  substances  appear  during  sexual  activities 
called  generative  or  sexual  or  idio-chromatin  and  from  these  the 
vegetative  (somatic)  chromatin  for  the  new  cells,  is  again  formed. 
In  the  ciliata  both  these  chromatin  elements  are  present  as  distinct 
morjJiologic  bodies  during  the  entire  life  of  the  oi^anism,  the  somatic 
form  in  the  macronucleus  and  the  generative  form  in  the  micro- 
nucleus. 

Locomotor  Nncleus. — In  flagellates  still  another  definite  jJiysio- 
logic  chromatin  is  seen  in  the  small  body  called  the  blepharoplast 
(Fig.  159,  p.  549)  which  is  formed  from  the  larger  nucleus.  It 
produces  the  locomotor  apparatus  and  thus  may  be  called  the  loco- 
motor nucleus  in  contradistinction  to  the  principal  nucleus.  Both 
these  nuclei  may  contain  somatic  and  generative  diromatin  at  the 
same  time. 

The  CentroBome. — This  is  a  small  body  which  is  always  present 
in  metazoan  cells,  playing  an  important  part  in  cell  division,  but  it 
has  not  been  demonstrated  as  a  morphologic  entity  in  many  varieties 
of  protozoa;  part  of  the  karyosome,  however,  may  take  its  place,  or 
there  may  always  be  a  true  centrosome  within  the  karyosome.  When- 
ever a  centrosome  appears  in  protozoa  it  has  its  origin  in  the  nucleus, 
resembling  in  this  the  blepharoplast.  All  these  three  bodies  there- 
fore, centrosome,  blepharoplast  and  karyosome,  may  be  considered  as 
having  a  similar  morphologic  origin. 

Vital  Phenomena. — In  common  with  all  other  living  organisms, 
protozoa  possess  the  essential  functions  of  irritability,  nutrition,  res- 
piration and  reproduction. 

Irritability  or  the  reaction  to  external  stimuli  is  the  analogue  on 
the  one  hand  of  chemic  action,  and  on  the  other  of  nerve  response, 
All  protozoa  react  in  certain  characteristic  ways  towards  chemic, 
mechanic  and  electric  stimuli.  Many  are  affected  by  light^  while 
probably  none  react  to  sound.  They  manifest  the  reaction  usually 
by  motion  of  some  sort.  When  towards  the  object  of  irritation  the 
reaction  is  said  to  be  a  positive  taxis,  when  away  from  it  the  reaction 
is  called  negative  taxis.  Most  animal  parasites,  especially  the  higher 
forms,  exert  a  positive  chemotaxis  for  leucocytes,  principally  for  the 
large  mononuclears  and  the  eosinophiles.  This  fact  is  made  use  of 
in  clinical  diagnoses.  Objects  suitable  for  food  cause  a  positive 
chemotaxis. 
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Ntitrition  in  protozoa,  as  in  the  higher  animals,  consists  in  the 
ingestion,  digestion  and  ejection  or  excretion  of  food.  Many  pro- 
tozoa, especially  the  pathogenic  forms,  absorb  fluid  food  directly 
through  the  body  wall;  but  the  majority  take  in  solid  food,  such 
as  small  animal  or  vegetable  organisms  and  organic  waste,  some 
through  more  or  less  definite  regions  of  the  body,  others  through 
any  part  of  the  surface  by  extending  pseudopodia  and  entirely  sur- 
rounding the  food  object,  forming  a  so-called  gastric  vacuole. 

After  the  food  is  digested  the  waste  products  are  excreted.  Where 
no  known  excretory  organ  exists  (as  in  the  sporozoa  and  some  other 
forms),  the  removal  of  the  waste  probably  takes  place  by  osmosis 
through  the  wall,  in  the  same  way  that  food  is  taken  in.  In  most 
protozoa,  however,  there  are  special  structures  called  the  contractile 
vacuoles  which  regularly  eject  fluid  substances  to  the  outside  of  the 
organism.  In  life,  the  vacuole  is  a  clear  spherical  area  in  the  ento- 
plasm.  As  it  becomes  filled  with  fluid  it  grows  to  a  certain  size  and 
then  suddenly  bursts.  Vacuoles  are  generally  variable  in  position 
and  number.  In  some  forms  they  move  about  with  the  entoplasm, 
in  others  they  remain  stationary.  In  these  latter  there  is  generally 
a  more  or  less  definite  system  of  canals  leading  to  the  contractile 
vacuole,  which  empties  its  contents  into  a  reservoir,  and  from  this 
the  waste  passes  by  a  definite  opening  to  the  outside  of  the  body. 

Respiration. — It  is  supposed  that  the  contractile  vacuole  has  a 
respiratory  as  well  as  an  excretory  function.  The  interchange  of 
gases  is  always  going  on,  if  not  through  a  contractile  vacuole,  then 
by  osmosis  through  any  part  of  the  wall. 

Reproduction  (Propagation). — This  always  occurs  through  cell 
division  and  its  various  modifications.  The  simplest  variety  is  a 
two-celled  division  which  may  be  either  longitudinal  or  transverse, 
either  of  which  may  be  direct  (amitotic)  or  indirect  (mitotic).  A 
modification  of  division  into  two  is  the  so-called  budding  division 
when  a  smaller  piece  breaks  ofl^  from  a  larger.  This  budding  occurs 
on  the  surface  of  the  organisms  and  may  be  single  or  multiple. 
"When  growth  occurs  so  that  division  is  for  a  time  incomplete,  one 
cytoplasm  containing  several  nuclei  which  finally  separate  into  as 
many  daughter  organisms,  the  process  is  called  multiplicative  repro- 
duction, or  brood  formation.  It  has  also  been  called  internal  bud- 
ding. In  the  most  extreme  cases  of  multiplicative  reproduction  as  it 
occurs  among  sporozoa  the  mother  cell  with  its  nucleus  separates 
simultaneously  into  large  numbers  of  tiny  daughter  cells.  Such  a 
process  when  it  occurs  without  conjugation  and  encystment  is  called 
schizogony  and  the  new  cells  are  called  merozoites.  When  such  a 
multiplicative  division  occurs  (generally  after  copulation)  within 
a  cyst,  it  is  spoken  of  as  sporogeny  and  the  new  cells  are  called 
sporozoites.  In  such  a  process  the  entire  substance  of  the  body  may 
take  part  or  there  may  be  a  residual  portion  left  which  does  not 
divide.    This  finally  disappears. 

Sexual  Phenomena   (Syngamy)   fundamentally  similar  to  those 
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seen  in  metazoa,  have  been  observed  in  all  groups  of  protozoa  studied. 
The  reproduction  by  the  usual  division  or  budding  is  intrrrupted 
at  certain  times  in  tiie  life  history  of  each  organism  and  individuals 
come  together  in  such  a  way  that  their  nuclei  fuse  after  having 
undergone  characteristic  reduction  divisions.  When  the  union  is 
permanent,  we  speak  of  it  as  copulation  and  liken  the  process  to 
that  of  the  fecundation  of  the  ovimi  by  a  spermatozoon.  When  the 
union  is  transient  we  call  it  conjugation.  Here  the  two  cells  fuse 
for  a  time  when  the  nuclei  interchange  protoplasm  and  then  the  cells 
separate  and  each  one  continues  to  grow  and  divide  independently. 
Wlien  in  a  partly  divided  cell  or  in  an  apparently  single  cell,  two 
nuclei  after  undergoing  reduction  division,  or  its  like,  fuse,  the  proc- 
ess is  called  autogamy.  The  developmental  cycle  of  a  protozoan 
consists  of  all  the  changes  which  occur  in  its  growth  from  one  act  of 
fertilization  to  another  (Fig.  167,  p.  576).  According  to  Calkins, 
such  a  developmental  cycle  as  a  whole  should  be  considered  the  indi- 
vidual and  should  be  made  the  basis  for  species  rather  than  any  part 
or  parts  of  it.  Many  protozoa  carry  on  the  sexual  part  of  their  life 
cycle  in  one  host  and  the  asexual  part  in  another.  It  is  thought  by 
some  that  the  so-called  intermediate  hosts  in  many  instances,  if  not 
all,  were  the  original  hosts  of  the  parasites,  the  change  possibly  being 
due  to  the  fact  that  as  the  parasites  developed  they  found  soil  more 
favorable  for  certain  stages  in  their  growth  in  new  hosts. 

Cyst  Formation. — The  function  of  en<^stment  is  a  marked  char- 
acteristic of  all  protozoa.  It  is  the  means  developed  by  these  organ- 
isms for  surviving  unsuitable  environments.  If  they  do  not  get 
the  required  amount  of  water  or  air  or  suitable  food  they  cease  their 
special  movements,  round  out  into  more  or  less  of  a  sphere  and  form 
a  resisting  membrane  of  chitin  within  which  they  may  live  for  a  long 
time,  withstanding  periods  of  desiccation,  extreme  heat  and  cold, 
and  they  may  be  blown  about  as  dust  until  they  find  conditions  again 
favorable  for  renewed  growth  when  water  is  absorbed,  the  cyst  is 
ruptured  and  active  life  begins  anew.  In  parasitic  forms  encyst- 
ment  plays  an  important  part  in  the  passage  from  the  old  host  to  the 
new.  The  majority  of  forms  would  not  be  able  to  exist  outside  of 
the  body  of  tie  host  without  having  some  protective  membrane. 
The  cyst  may  be  formed  simply  for  protection  from  drought,  etc., 
when  it  is  called  a  hypnocyst,  from  which  the  organism  may  emerge 
in  about  the  same  form  as  when  it  encysted ;  or  the  cyst  may  pre- 
cede reproduction  by  spore  formation  or  simple  division  when  it 
is  called  a  sporocyst.  In  either  case  it  may  consist  of  a  simple 
wall,  or  it  may  be  formed  of  several  walls  to  enable  it  to  resist  pro- 
longed desiccation  when  it  is  called  a  resting  cyst. 

Natural  Habitat. — On  account  of  this  power  to  form  lasting  cysts 
protozoa  have  a  world-wide  distribution.  They  are  found  in  largest 
numbers  where  the  climate  is  warm  and  moist,  but  even  in  alpine 
and  arctic  regions  a  few  species  which  are  able  to  resist  long  periods 
of  drought  and  cold  grow  freely  during  the  warm  season.    They  are 
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abundant  in  both  salt  and  fresh  waters.  Finally,  they  are  found  as 
parasites  on  or  in  animals  and  plants. 

Cultivation. — Protozoa  are  cultivated  en  masse  in  the  large  aquaria 
of  the  zoological  laboratories,  where  they  are  mixed  with  the  bac- 
teria and  the  plants  and  animals  usually  found  in  the  material  taken 
to  stock  such  aquaria. 

Pure  cultures  such  as  are  known  among  the  bacteria  have  not 
been  obtained  with  protozoa  until  recently,  when  Novy  succeeded 
in  growing  certain  blood  flagellates  in  the  condensation  fluid  of  a 
mixture  of  blood  agar.  Before  that,  it  was  shown  by  Frosch 
and  others  that  so-called  "  pure  mixed "  cultures  of  certain  pro- 
tozoa, especially  Amebida,  could  be  obtained  by  separating  them 
from  other  protozoa  and  feeding  them  on  one  or  two  varieties  of 
known  bacteria. 

Though  this  field  is  an  important  one,  comparatively  little  work 
has  been  done  in  it  Up  to  the  present  time  ^ologists  have  studied 
these  organisms  as  nearly  as  possible  in  their  natural  environment. 
They  have  thought  that  anything  which  disturbs  the  usual  surround- 
ings might  lead  to  degeneration,  or  at  least  to  involution,  and  hence 
that  wrong  interpretations  might  be  drawn  from  phenomena  ob- 
served under  these  circumstances. 

The.-special  methods  so  far  used  in  cultivating  protozoa  will  be 
considered  under  the  headings  of  the  individual  organisms. 

Effects  of  Physic  and  Ohemic  Agents. — Some  of  these  have  been 
already  mentioned  under  irritability.  For  the  physician  it  is  espe- 
cially important  to  know  the  effects  of  (1)  temperature,  (2)  elec- 
tricity, (3)  light,  (4)  moisture,  and  the  various  chemicals  used  as 
(5)  disinfectants. 

1.  Each  species  of  protozoa  has  an  optimum  temperature  at 
which  its  movements  are  more  rapid  and  its  growth  more  vigorous 
than  at  other  temperatures.  With  increasing  or  decreasing  tem- 
peratures, movements  and  growth  gradually  cease.  In  intense  cold 
the  organisms  may  continue  to  live  quiescent  for  a  long  time,  while 
with  a  comparatively  moderate  amount  of  heat  most  of  them  will 
die. 

2.  When  a  current  of  electricity  is  passed  through  a  liquid  medium 
most  active  protozoa  swim  with  their  long  diameters  in  the  direc- 
tion of  the  lines  of  force  to  assemble  behind  the  cathode.  Most 
flagellates  and  a  few  ciliates,  however,  move  toward  the  anode.  The 
direction  of  motion  has  been  shown  by  Dale  to  vary  with  the  nature 
and  concentration  of  the  medium.  This  whole  question  has  been 
little  studied. 

Slight  induction  shocks  arrest  movement,  stronger  ones  cause 
contraction,  stronger  still  will  kill  the  protozoa. 

3.  Most  protozoa  are  greatly  influenced  by  light,  some  moving 
towards  the  point  of  greatest  luminosity,  others  away  from  it  The 
light-seeking  protozoa  have  green  or  yellow  chromatoriiores   ai^4 
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usually,  at  the  anterior  end,  a  red  pigment  spot  Most  of  the  color- 
less protista  are  negative  to  light  Here,  as  with  other  stimuli,  there 
is  different  optimum  light  for  different  species.  The  violet  and  blue 
rays  are  more  active  than  other  parts  of  the  spectrum  in  determining 
motion.  The  effect  of  x-rays  and  of  radium  emanations  have  been 
little  studied. 

4.  When  protozoa  are  encysted  while  drying  they  will  withstand 
long  periods  of  desiccation.  ^Most  forms  when  dried  quickly,  re- 
main viable  much  longer  than  when  dried  slowly.  A  certain  amount 
of  moisture,  as  we  have  said,  is  absolutely  essential  to  renewed  ac- 
tivity. 

5.  The  effects  of  the  usual  chemic  disinfectants  have  been  very 
little  tried  on  protozoa.  In  general  what  is  true  for  bacteria  in  this 
particular  is  probably  true  for  them. 

The  Chemical  Composition  of  the  bodies  of  animal  parasites  is 
an  almost  unexplored  field.  The  ectoplasm  and  the  c^st  sacs  in  gen- 
eral are  made  up  principally  of  a  substance  called  chitin.  Glycogen 
has  been  isolated  from  many  forms.  Proteolytic  enzymes  and  acid 
secretion  in  digestive  vacuoles  have  been  demonstrated. 

Pathogenesis. — The  pathogenic  protozoa,  indeed  the  parasitic 
forms,  are  few  in  numbers  compared  with  the  total  number  of  pro- 
tozoa. They  exert  their  harmful  action  mainly  mechanically  or 
by  the  direct  destruction  of  the  special  host  tissue  which  they  find 
suitable  for  food.  That  they  may  produce  specific  toxic  substances 
has  been  demonstrated  in  only  one  or  two  instances,  the  most  marked 
of  which  is  that  of  the  poison  obtained  in  the  aqueous  or  glycerine 
extracts  and  the  dried  powder  from  mutton  saroosporidia  whidi  will 
be  spoken  of  later. 

Though  in  general  no  specific  toxins  have  been  shown  to  exist  in 
pathogenic  forms,  or  to  be  excreted  by  them,  the  fact  that  there  is 
spontajieous  recovery  from  various  protozoan  infections  and  that  a 
reinfection  does  not  take  place  soon  after  indicates  that  some  specific 
toxins  or  substances  are  formed  which  help  to  produce  immunity. 
Rossle  has  stated  tliat  he  has  obtained  immune  sera  arainst  infusoria. 

Infection  through  protozoa  is  often  accomplished  by  means  of 
some  of  the  lower  animals  either  acting  as  intermediary  hosts  or  as 
direct  carriers  of  the  virus. 

Classiflcation. — Protozoa  are  classified  from  two  principal  stand- 
points, the  physiologic  and  the  morphologic 

Physiologically  they  are  grouped  according  to  their  manner  of 
living  into  saprophytic  and  parasitic  forms. 

The  parasitic  protozoa  may  be  further  divided  into  commensal 
and  pathogenic  forms.  For  our  study  the  former  are  almost  equal 
in  importance  to  the  latter  forms  because  of  the  possibility  of  their 
becoming  pathogenic  or  at  least  because  of  their  close  relationship 
to  the  pathogenic  forms. 

The  morjJiologic  classification  of  the  protozoa  is  still  in  a  tran- 
sitional stage  and  it  will  continue  to  be  so  until  the  relations  of 
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the  different  ^oups  are  better  known  and  until  the  life  histories  of 
the  different  species  have  been  more  minutely  worked  out  Hart- 
mann  has  just  added  to  the  flagellata  a  new  order  made  up  of 
species  taken  both  from  the  flagellates  and  from  the  sporozoa.  Cal- 
kins has  also  announced  some  fundamental  rearrangements;  so 
whatever  system  of  classification  we  adopt  we  may  be  sure  that  the 
near  future  v^ill  show  us  some  changes  in  it  The  following  group- 
ing is  taken,  with  a  few  slight  alterations,  from  the  excellent  article 
on  Protozoa  written  by  Calkins  in  Osier's  Modem  Medicine. 

Classification. 

Phylum.    Protozoa. — ^Unicellular  animal    organisms   which   reproduce   by 
division  or  spore-formation;  solitary  or  united  in  colonies;  free-living 
or  parasitic. 
Sub-phylum  I.    Sarcodina. — Protozoa    with   changeable    protoplasmic 
processes  or  pseudopodia. 
Class  I.    Bhizopodia, — Sarcodina  with  pseudopodia  in  the  form  of 
lobose  or  reticulose  processes,  with  or  without  shells. 
Sub-class.    Amcehida, — ^Pseudopodia  lobose. 

Order  1.  Gymnamoebida. — Naked  Amoeboid  forms  with 
lobose  pseudopodia.  Here  are  placed  a  few  parasitic 
forms  belonging  to  the  genera  Amcsha,  Entamwha,  and 
Leydenia. 

Order    2.    Thecamoebida Shell-bearing    amceboid    forms 

with   lobose   pseudopodia.     One   parasitic  form,  genus 
Allogromia,  is  placed  in  this  order. 
Sub-class.     Foraminifera, — Divided  into  10  orders;  the  vari- 
ous genera  are  salt  water  forms  for  the  most  part  and  are 
rarely  parasitic. 
Sub-class.    Mycetozoa  would  be  placed  here  were  we  to  consider 
these  forms  as  protozoa  instead  of  fungi.    Here  are  placed 
parasitic  forms  such  as  Plasmodiophora,  Tetramyxa,  Ldby- 
rinthula,  and  Nucleophaga, 
Class   II.    Heliozoa, — The   genera   are    confined   mainly   to    fresh 
water  and  are  never  parasitic.     They  are  subdivided  into  four 
orders  according  to  the  nature  of  the  skeleton. 
Class  III.    Radiolaria, — Salt-water  forms  of  protozoa,  never  para- 
sitic. 
Sub-phylum   II.    Mastigophora. — ^Protozoa   with   flagella. 

Class  I.    Flagellata. — Small    forms  with  from    one  to  several  fla- 
gella; with  a  strong  tendency  to  form  colonies. 
Order    1.    Monadida. — Minute  forms  with  from  one  to    three 
flagella.     There  is  no  definite  mouth-opening  and"  nutrition  is 
holozoic,  saprophytic,  or  parasitic.    The  parasites  and  com- 
mensals which  belong  to  this  order  are  species  belonging  to 
the  genera  Cercomonas,  Herpetomonas,  Piroplasma,  Leish- 
mania,  and  Trypanosoma  (appendix  Spirocheta). 
Order  2.     Choanoflagellida. — With    collar-like    processes    sur- 
rounding the  base  of  the  flagellum;  not  parasitic. 
Order  3.    Heterommastigida. — ^With  two  or    more  flagella  of 

dissimilar  length;  the  genus  Bodo  is  parasitic. 
Order  4.    Polymastigida. — The    flagella  are  numerous  and    of 
similar  or  dissimilar  size.     Here  are  several  ecto-  and  endo- 
parasitic   forms   belonging   to   the   genera:     Costia^   Tetra- 
mitua,  Trichomonas,  Monocercomonas,  Hexamitus,  Lamblia, 
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Polymastix,  Lophomonas,  Trichonympha,  Pyrsanympha  and 
Jcsnia, 

Order  5.  Euglenida. — Occasional  parasites  as  Copromonas  in 
frogs. 

Order  6.  Pbytoflagellida. — ^Flagellates  with  coloring  matter  in 
the  form  of  green,  yellow  or  brown  chromatophores.  Fre- 
quently colonial.  Here  belong  the  most  frequent  sources  of 
odors  in  drinking  waters,  the  following  genera  being  espe- 
cially noteworthy:  Ditwbyron,  Synura,  and  Uroglena,  all 
colonial  forms,  with  yellow  chromatophores. 

Order    7.     Silicoflagellida. — A     single    genus    of    salt    water 
mastigophora  with  latticed  skeleton.    Distephanus,  parasitic 
on  radiolaria. 
Class    II.    Dinofiagellata, — Never  parasitic. 

Class  III.     Cystoflagellata. — ^Two    genera    of    characteristic    form. 
One,  Noctiluca,  is  remarkable  for  the  vivid  phosphorescence  which 
it  causes. 
Sub-phylum  III.    Infusoria. — Protozoa  with  cilia. 
Class  I.     Ciliata. — Cilia  present  at  all  times. 

Order  1.  Holotrichida. — The  cilia  are  distributed  over  the  sur- 
face, and  there  is  no  specialized  oral  apparatus  known  as 
the  "  adoral  zone "  consisting  of  cilia  fused  into  "  mem- 
branelles."  Here  are  found  some  parasites  belonging  to  the 
genera  Ichthiophthirius,  Butschlia,  Anophrys,  Isothrica, 
Dasytricha,  Opalina. 

Order  2.  Heterotrichida. — With  cilia  distributed  over  the  gen- 
eral surface,  and,  in  addition,  a  si>ecialized  zone  in  the  mouth- 
region.  Here  are  several  well-known  parasitic  forms  be- 
longing to  the  genera  Nyciotherus,  Bdlantidium,  Entodinium, 
Ophryoscolex  and  Cycloposihium, 

Order  3.  Hypotrichida. — The  cilia  are  limited  to  the  ventral 
surface,  and  are  frequently  fused  into  specialized  organs  of 
motion  and  touch,  the  cirri.  There  are  no  strictly  parasitic 
forms. 

Order  4.    Peritrichida. — The  cilia  are  greatly  reduced,  in  some 
cases  to  the  adoral  zone,  but  additional  rings  may  be  present. 
Several    ectoparasites    belong   here,    especially    the    genera 
Spirochona,  Kentrochona,  lAchnophora,  Cyclochceta  and  Tri- 
chodina. 
Class  II.     Suctoria. — Infusoria  with  suctorial  tentacles  in  the  place 
of  cilia  except  in  the  young  phases.    They  are  frequently  ecto- 
parasites and  the  young  of  some  genera,  e.  g.,  Spluerophyra, 
are  internal  parasites  in  other  infusoria. 
Sub-phylum  IV.     Sporozoa. — Protozoa  without  motile  organs;  repro- 
duction by  sporulation ;  always  parasites. 
Class  I.     Telosporidia. — Sporozoa  in  which  the  act  of  reproduction 
ends  the  individuaPs  life,  the  entire  protoplasm  being  used  in 
forming  spores. 

Order  1.  Gregarinida The  young  stages  alone  are  cell  para- 
sites, the  adult  organisms  living  in  fluids  within  the  cavities 
of  animal  hosts.     There  are  no  human  parasites. 

Order  2.  Coccidia. — ^Intra-cellular  parasites,  mainly  in  the 
epithelial  cells  of  vertebrate  and  invertebrate  hosts.  Human 
parasites  have  been  traced  mainly  to  the  genus  Coccidium. 
Here  also  we  should  place  Cyclasterion  scarlatinale  Mallory. 

Order  3.  HaBmosporidia. — Sporozoa  of  small  size  living  in  the 
blood  corpuscles  of  vertebrates.  Human  parasites  belong  to 
the  genera  Laverania  and  Plasmodium, 
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Class  II.  Neoaporidia, — Sporozoa  in  which  the  entire  cell  is  not 
used  at  one  time  in  forming  spores,  the  latter  developing 
while  ordinary  vegetative  processes  are  carried  on. 

Order  4.  Myxosporidia. — Neosporidia  with  sppres  contaiQing 
polar  capsules  and  anchoring  threads.  Here  belong  several 
genera  of  note,  in  that  serious  epidemics  of  lower  animals 
are  caused  by  them,  e,  g,,  Nosema — causing  pebrine  diseases 
in  silkworm,  Myxoholus,  Myxidium,  etc. 

Order  5.  Sarcosporidia. — ^Neosporidia  in  which  the  initial 
stages  are  passed  in  muscle  cells  of  vertebrates.  Cysts  are 
formed  with  double  membranes  in  which  kidney-shaped  re- 
productive elements  are  produced.  The  one  genus  occasion- 
ally parasitic  in  man  is  Sarcocystis. 
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CHAPTER   XL. 
GYMNAMCEBIDA  MYCETOZOA. 

GTMNAMOSBIDA. 

Introduction. — Under  gymnamoebida  we  include  forms  composed 
of  naked,  simply  constructed  protoplasm  having  the  power  of  pro- 
ducing lobose  pseudopodia  which  are  used  as  organs  of  motion  and 
of  nutrition. 

The  pseudopodia  are  protoplasmic  processes  which  are  projected 
in  irregular  succession  from  different  j>arts  of  the  surface  of  the 
cell,  producing  in  this  way  an  irregular  motion.  The  form  of 
the  pseudopodia  varies  considerably  in  the  different  species.  For 
instance,  there  are  broad,  blunt  processes  or  narrow,  less  blunted 
ones,  and  each  may  be  short  or  long,  single  or  sli^tly  bran<±ed. 
The  entoplasm  may  or  may  not  take  a  share  in  their  formation. 
The  forms  of  course  vary  within  limits  according  to  the  condition 
of  the  medium  in  which  the  amebee  are  living.  Movements  are 
always  called  forth  by  some  physic  or  chemic  excitant  When  such 
an  excitant  is  desirable  for  food  the  pseudopods  flow  arouivi  it,  and 
it  is  subsequently  absorbed  in  the  cytoplasm  of  the  organism. 

The  members  of  this  group  may  possess  one  nucleus  or  several. 
AnuBha  bin/ucleaia  has  constantly  two  nuclei  present,  and  Pelomyxa 
palustris,  living  in  the  bottom  ooze  of  ponds,  has  an  enormous  n\mi- 
ber  of  nuclei  and  no  contractile  vacuole.  A  marked  feature  of  the 
nuclear  apparatus  is  the  formation  of  chromidia  which  as  has  al- 
ready been  noted,  may  play  such  an  important  part  in  sexual  repro- 
duction. Generally  each  ameba  has  one  contractile  vacuole,  but 
occasionally  some  are  seen  with  several  or  none. 

Saprophytic  forms  belonging  to  this  order  are  common.  They 
may  be  foimd  wherever  there  are  moisture  and  decaying  vegetable 
matter.  The  probable  pathogenic  forms  are  not  so  frequent  Be- 
cause of  the  possibility  of  the  still  unknown  causes  of  certain  diseases 
being  organisms  related  to  this  order,  it  is  especially  important  to 
study  it;  and  as  the  pathogenic  varieties  so  far  studied  are  few  we 
study  as  well  the  saprophytic  forms. 

Notwithstanding  the  common  occurrence  of  these  latter,  the  full 
life  history  of  few  of  them  has  been  worked  out  and  until  the  full 
cycle  of  development  of  any  so-called  ameba  is  known  it  is  impossible 
to  say  whether  that  particular  form  belongs  among  rhizopoda,  or 
whether  it  is  a  developmental  form  of  another  group,  as  ameboid 
forms  may  occur  at  some  time  in  the  life  history  of  all  groups.  It  is 
quite  possible  that  some  of  the  organisms  described  as  belonging  to 
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this  order  are  really  members  of  entirely  different  orders.  For  in- 
stance, it  is  known  tiiat  the  flagellate  Trichomonas  loses  its  flagella  be- 
fore copulation  and  crawls  about  by  means  of  short  blunt  peeudopods 
as  a  typical  ameba. 

Gymnamcebida  reproduce  by  simple  fission,  by  budding,  and  by 
brood  formation.  In  the  last  case  the  reproduction  is  usually  pre- 
ceded by  encystment.  Schaudinn  has  worked  out  in  several  rhizo- 
poda  a  complex  life  cycle,  part  of  which  is  sexual  and  part  non- 
sexual, in  character.  Calkins  has  recently  announced  that  he  has 
worked  out  the  complete  life  history  of  Amoeba  proteus.  He  describes 
the  formation  of  secondary  nuclei  within  the  primary  ones  and  the 
conjugation  of  the  former  after  leaving  the  latter.  Prandl  has  just 
published  an  article  on  infection  of  Amoeba  proteus  with  Allogromia, 
a  small  shell-bearing  amoeboid  organism,  and  suggests  that  many  of 
the  forms  described  by  Calkins  as  a  part  of  his  cycle  are  phases  in 
the  development  of  the  Allogromia  or  an  allied  form.  As  the  minute 
structure  of  the  two  forms  as  described  by  these  authors  is  quite 
different  the  inference  of  Prandl  cannot  be  considered  without  further 
evidence. 

The  minute  study  of  the  life  history  of  the  amebee  will  be  taken  up 
under  the  special  forms  described. 

Oymnamoebse  in  Human  Beings. — Several  authors  have  reported 
the  finding  of  ameba  in  man,  but  as  the  first  descriptions  were  in- 
complete* and  the  laws  of  nomenclature  were  not  strictly  followed 
there  seem  to  be  many  synonyms  for  the  same  species  and  many 
species  bearing  the  same  name. 

Historical  Note. — Styles  has  given  a  detailed  history  of  the  generic  name 
Ammha  and  of  the  specific  one  Amosha  proteus,  and  finally  of  the  naming  of 
the  intestinal  ameb®.  He  shows  why  the  name  Entamoeba  should  be  given  to 
the  genus  described  by  Larodl  and  Losch. 

This  article  illustrates  very  forcibly  the  absurdity  of  bringing  forth  new 
names  for  organisms  only  half  studied  and  of  claiming  that  such  organisms 
belong  to  new  genera. 

The  first  report  on  intestinal  amebsa  was  made  by  Lamdl  in  1860  who  an- 
nounced the  presence  of  ameboid  forms  in  the  intestinal  mucus  of  a  child 
who  had  died  from  enteritis.  Supposedly  the  same  forms  were  more  fully 
described  by  Losch  in  1875  under  the  name  Amoeba  coli;  Losch  found  his 
organisms  in  stools  of  a  patient  suffering  from  chronic  dysentery  and  he 
succeeded  by  rectal  injections  in  producing  superficial  ulceration  in  the  large 
intestines  of  dogs.  He  therefore  claimed  that  this  organism  is  the  cause 
of  dysentery.  His  work  was  corroborated  by  many  observers.  In  the 
meantime  amebss  were  found  in  diseases  other  than  dysentery  and  Grassi 
in  1879  reported  them  in  the  healthy  intestines.  The  work  of  Kartulis, 
however  (1886),  helped  largely  to  establish  the  fact  that  amebae  play 
an  important  part  in  the  etiology  of  dysentery  in  Egypt.  He  was  the 
first  to  find  the  organism  in  abscess  of  the  liver  in  tropical  dysentery. 
In  our  own  country  among  the  most  important  workers  in  this  field  are 
Councilman  and  Lafleur  (1891).  They  conclude  that  amebic  dysentery 
should  be  regarded  etiologically,  clinically,  and  anatomically  as  a  distinct 
disease.  They  disapprove,  however,  of  the  name  Amoeba  coli  and  pro- 
pose the  name  Amoeba  dysenterue  for  the  pathogenic  form;  but  as  they 
do  not  show  in  any  way  than  by  its  pathogenesis  that  the  species  they  de- 
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scribe  is  a  new  one,  their  name,  according  to  the  rules  of  zoological  nom- 
enclature; cannot  be  accepted.  Harris's  work,  too,  is  important  in  showing 
an  etiologic  relationship  between  ameb®  and  a  certain  form  of  dysentery  but 
neither  did  he  describe  the  morphology  of  his  organism  minutely  enough  to 
identify  it  with  Schaudinn's  histolytica  which  is  described  below.  Casagrandi 
and  Barbagallo  in  1897  were  the  first  to  claim  that  the  amebflB  so  far  described 
in  man  show  differences  enough  from  the  fresh  water  amebsB  to  belong  to  a 
new  genus.  They  therefore  created  the  genus  Entamcsha  and  gave  the  specific 
name  Entamceha  hominis  to  ameb®  of  the  Amwba  coli  type.  Schaudinn  and 
Stiles  agree  with  them  as  to  the  generic  name,  but  consider  that  the  correct 
specific  name  is  complicated  by  the  fact  that  there  are  different  species  in  this 
group.  Many  observers,  Kartulis,  Councilman  and  Lafleur,  Quincke  and  Boos, 
Blruse  and  Pasquale,  have  considered  that  there  are  different  varieties  in  the  hu- 
man intestines  but  they  have  given  no  morphologic  differences  distinct  enou^ 
to  classify  such  varieties.  Schaudinn  seems  to  have  shown  quite  clearly  (1903) 
that  at  least  one  species  among  them  is  pathogenic  and  one  non-pathogenic. 
The  latter  he  considers  resembles  those  already  described  as  AmoBha  coli; 
therefore  he  gives  it  the  name  Entomosha  coli  while  the  former  he  calls  Enta- 
mosha  histolytica. 

Stiles  summarizes  the  most  important  variations  of  the  views  upon  the 
relationship  to  disease  of  ameb®  found  in  the  human  intestines  as  follows: 

1.  That  the  amebsB  in  man  have  no  pathogenic  properties,  hence  are  not 
the  cause  of  amebic  dysentery.  (Cunningham,  Qrassi,  Celli  and  Fiocca, 
Casagrandi  and  Barbagallo,  and  others.) 

2.  That  the  amebsd  are  the  cause  of  a  specific  malady  known  as  amebic 
dysentery.     (Kartulis,  Councilman  and  Lafleur,  Osier,  Strong,  and  others.) 

3.  That  amebflB  are  able  to  keep  up  a  preexisting  inflammation.  This 
was  the  original  view  advanced  by  Losch  when  he  described  the  most  com- 
monly cited  form.  Amoeba  coli,  and  several  authors  have  followed  Losch  in 
this  opinion. 

4.  That  more  than  one  species  of  amebsB  are  found  in  man  at  least  one 
pathogenic,  at  least  one  is  non-pathogenic.  (Quincke  and  Roos,  Strong, 
Schaudinn  and  Craig.) 

The  comparatively  recent  study  of  baciUary  dysentery  by  Shiga,  Klruse, 
Flexner  and  others  (see  under  bacillary  dysentery)  has  demonstrated  that 
there  are  at  least  two  forms  of  dysentery,  one  produced  by  amebsB  and  the 
other  by  bacilli,  and  from  the  work  on  the  former  it  now  seems  certain  that 
it  is  produced  by  a  specific  form  of  amebsB.  Furthermore,  according  to 
Stiles,  it  l^ms  well  to  consider  that  the  classification  and  naming  made  by 
Schaudinn  are  the  best  to  adopt  provisionally,  while  we  are  waiting  to  see 
whether  further  minute  study  of  pathogenic  amebsB  reported  from  other 
parts  of  the  world  may  cause  us  to  revert  to  earlier  names. 

Sites  of  AmebflB  in  the  Human  Body. — Intestines  and  neighboring 
tissues ;  abdominal  cavity ;  abscess  of  liver,  lung,  pleura,  and  mouth ; 
necrosis  of  jaw-bone ;  urine ;  tartar  of  teeth. 

Behavior  towards  Physic  and  Chemic  Agents. — The  pathogenic  amebeB 
are  apt  to  lose  their  motility  very  quickly  above  or  below  body  heat, 
while  the  saprophytic  forms  remain  motile  at  higher  or  lower  degrees. 
Though  the  former  lose  their  motility  they  are  not  all  killed  by  cold. 
They  may  still  be  infective  after  freezing.  Musgrave  kept  an  en- 
cysted culture  from  a  dysenteric  stool  at  — 12°  for  45  days  and 
found  it  still  viable  at  the  end  of  that  time. 

A  temperature  of  60°  C.  for  one  hour  usually  kills  encysted  cul- 
tures of  amelxe  according  to  Strong,  but  considerable  variation  has 
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been  noted  in  the  degree  of  temperature  necessary  to  destroy  differ- 
ent strains.^ 

Enemata  of  quinine  sulphate  and  saturated  solution  of  boric 
acid  do  not  affect  amebee  in  the  intestinal  canal,  though  Hoo  quinine 
sulphate  added  to  the  stools  invariably  kills  them  in  ten  minutes. 

They  are  also  destroyed  in  stools  by  weak  solution  of  hydrogen 
dioxide,  potassium  permanganate,  toloidine  blue  and  dilute  acids. 

Luttle  found  that  /4o,ooo  hydrochloric  acid  and  Yioo  silter 
nitrate  check  motility  but  do  not  destroy  parasites  except  after  pro- 
longed contact  Musgrave  and  Clegg  found  that  in  cultures  treated 
with  1 :  2500  solution  of  quinine  hydrochlorate  the  parasite  quickly 
encysts  and  in  from  five  to  eight  minutes  may  break  up  and  disap- 
pear, ten  minutes  later  cultures  made  produced  no  growtii  of  amebse, 
while  the  bacteria  grew  well. 

Material  for  Class  Study.— Fresh  material  containing  the  pathogenic 
amebffi  is  so  seldom  on  hand  in  the  northern  part  of  tMs  country  that  it 
cannot  be  comited  on.  The  EntamcBba  buccalis  (see  below)  may  be  found 
sometimes  in  the  tartar  collections  about  human  teeth,  but  the  demonstration 
is  often  unsatisfactory.  If  found  it  must  be  examined  immediately  on  a 
warm  stage  in  order  to  detect  motion.  The  non-pathogenic  form  in  human 
intestines  might  be  obtained  after  administration  of  a  saline  cathartic,  but 
generally  one  must  depend  upon  saprophytic  forms  for  work  with  students. 
Material  rich  in  such  forms  may  be  obtained  from  an  infusion  in  water  of 
lettuce,  cabbage,  potato  skins  or  other  vegetable  material.  Such  an  infusion 
should  be  made  a  week  or  two  before  it  is  needed,  when  it  will  be  found  that 
the  pellicle  which  forms  contains  many  varieties  of  protozoa  and  bacteria, 
among  which  are  generally  large  numbers  of  ameboid  forms.  Often  one 
may  get  good  material  from  the  faeces  of  many  of  the  lower  animals  such  as 
the  lizard,  toad,  or  guinea-pig. 

If  one  has  material  containing  human  intestinal  amebsB,  cats  may  be  fed 
with  the  cysts  in  order  to  obtain  a  new  supply.  The  amebae  should  be  ex- 
amined in  both  the  fresh  and  fixed  condition.  Cultures  may  also  be  made 
as  described  below. 

Examination  of  the  Fresh  MateriaL — The  study  of  the  living  amebsd  is  ex- 
tremely important.  This  may  be  done  by  making  a  hanging  drop  or  hanging 
mass  (p.  49)  from  fluid  containing  amebsB.  The  size,  kind  of  motion,  fre- 
quency of  pulsation  of  contractile  vacuole,  and  as  much  of  the  cell  contents 
as  possible  should  be  noted. 

If  necessary  faecal  material  may  be  thinned  with  physiologic  salt  solution. 
Material  from  warm-blooded  animals  may  best  be  examined  on  the  warm 
stage. 

Permanent  Preparations. — Thin  smears  are  made  on  glass  slides,  or  cover 
glasses  and  immediately,  before  they  are  allowed  to  dry,  they  are  placed  in 
the  fixing  solution.  Cover  glasses  may  float  smear  down  on  the  surface  of  the 
fixative.    Among  the  best  fixatives  are  the  following: 

1.  Hot  sublimate  alcohol  (50°  C.)  (Schaudinn),  or  saturate  sublimate,  to 
which  5  per  cent,  glacial  acetic  acid  may  be  added.  The  preparation  should 
remain  in  it  a  few  seconds,  then  should  be  washed  for  one  half  hour  in  60  per 
cent,  iodine-alcohol  and  then  placed  in  70  per  cent,  alcohol.  They  may  remain 
here  for  an  indefinite  time,  until  they  are  to  be  stained  when  they  are  rinsed  in 
distilled  water  and  then  placed  in  the  staining  fluid. 

2.  Hot  (50°  C.)  Hermann's  fluid  (see  p.  507)  for  a  few  seconds,  washed  in 

*An  air  dried  agar  plate  culture  of  ''amoeba  coli"  given  us  by  Dr.  CaUdns 
who  obtained  it  from  the  Philippines  was  viable  after  3  years  at  room  temperature. 
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distilled  water  for  ten  minutes  in  60  per  cent,  alcohol  and  then  in  70  per 
cent,  alcohol  from  which  they  may  be  stained  at  any  time. 

3.  Methyl  alcohol  for  a  few  seconds. 

Stains. — Among  the  many  good  staining  methods  the  following  may  be 
mentioned.^ 

1.  Thin  Delafield's  hsBmatozylin  from  one-half  to  several  hours,  then 
washed  in  water.  (If  over  stained,  the  preparation  may  be  differentiated 
in  acid  alcohol,  controlling  under  the  microscope,  then  washed  in  water.) 
It  is  then  passed  successively  through  70-95  per  cent,  and  100  per  cent, 
alcohol,  absolute  alcohol  ■+  xylol,  3^1ol,  cedar  oil  or  Canada  balsam. 

2.  Borax  carmine,  or  picro-carmine  (Weigert) ;  stain  about  one-half  hour, 
differentiate  in  acid  alcohol  until  no  more  color  comes  off,  then  alcohol,  etc., 
as  under  No.  1. 

3.  Heidenhain's  iron  hsBmatoxylin  (see  p.  507).  The  smear  is  put  from 
the  distilled  water  into  the  iron  alum  mordant  for  4-12  hours,  or  over  night; 
well  washed  in  distilled  water;  in  stain  from  2  to  24  hours,  excess  washed  out 
in  the  iron  mordant,  controlled  under  the  microscope,  as  it  occurs  very  quickly, 
until  the  nucleus  is  sharply  differentiated;  the  chromatin  of  the  nucleus  must 
be  a  deep  black  blue,  and  the  cytoplasm  a  light  gray;  then  a  thorough  washing 
in  tap  water  and  passage  through  the  alcohol  and  xylol,  in  canada  balsam  or 
cedar  oil  for  mounting. 

4.  After  fixation  in  methyl  alcohol  one  may  use  Giemsa's  staining  method 
(see  p.  609),  or  a  modification  of  the  method  suggested  by  Van  Qieson  for 
staining  the  Negri  bodies  in  smears  (see  p.  609). 

5.  Mallory's  eosin  methylene  blue  method  (see  p.  609). 

Masses  containing  amebsa,  as  mucous  flakes  or  portions  of  the  intestinal  or 
liver  abscess  wall  in  amebic  dysentery,  or  pieces  of  decaying  vegetable  may 
be  fixed  in  toto  in  hot  sublimate  alcohol  for  one-half  hour,  washed  in  iodine- 
alcohol  for  24  hours,  passed  through  the  different  strength  alcohols  and  im- 
bedded in  paraffin  (see  p.  610)  for  section-cutting  if  desired. 

Cnltiires  of  Ameba  may  be  made  in  the  following  way :  From  the  material 
containing  amebsB  a  loopful  is  removed  with  a  platinum  wire  and  stroked 
over  the  following  media  poured  in  sterile  petri  dishes:  Agar  1.0,  tap 
water  90.0,  ordinary  nutrient  broth  10.0,  mixed  and  steriBzed  in  the 
regi\lar  way.  It  should  be  slightly  alkaline  to  phenol-phthalein  (1  per 
cent.).  If  necessary  fceces  contents  may  be  thinned  with  physiologic  salt 
solution  before  planting.  In  one  to  several  days  at  25°  C.  the  amebse 
with  the  accompan3dng  bacteria  may  overgrow  the  entire  plate.  Klatsch 
preparations  may  be  made  of  these,  or  small  pieces  of  agar  and  culture  may 
be  imbedded  entire  as  above.  From  such  a  culture  the  "  pure  mixed  "  cul- 
tures of  Frosch  may  be  made  as  follows:  The  amebs  which  have  crept  out 
to  the  periphery  of  the  growth  are  taken  out  with  their  accompanying 
bacteria  and  transplanted.  Usually  one  or  two  organisms  favorable  for 
the  growth  of  the  amebsB  accompany  them  and  in  this  way  one  may  finally 
get  the  amebsB  growing  with  one  definite  bacterium.  Ameb®  containing  red 
blood  cells  from  the  stools  of  dysentery  patients,  according  to  Musgrave,  do 
not  grow  on  artificial  media. 

Musgrave  and  Clegg  studied  ameb®  in  the  Philippines  by  this  "pure 
mixed  "  culture  meth(S  and  came  to  the  conclusion  that  forms  obtained  from 
various  sources  were  probably  all  a  single  species. 

Kartulis  (18tS5)  reported  growing  pure  cultures  of  the  amebflB  from  a 
bacteria-free  liver  abscess  in  dysentery.  He  used  straw  decoction  as  a 
medium.  In  1895  Celli  and  Fiocca  claimed  to  have  obtained  a  pure  growth 
of  amebfl9  from  an  abscess  of  the  liver,  free  from  bacteria,  upon  an  s^caline 
medium  containing  Fucus  crispus.  But  the  organism  did  not  reproduce  in 
transplants.  In  1898  Tsujitani  reported  the  pure  development  of  encysted 
cultures  of  amebaa.    He  took  old  cultures  of  a  favorable  symbiotic  organism, 

^Special  stains  will  be  considered  under  special  organisms. 
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and  heated  them  for  an  hour  at  60°  C.  (to  kill  organism).  These  dead  organ- 
isms were  then  inoculated  with  encysted  amebse  and  development  occurred 
though  not  so  luxuriantly  as  with  a  living  organism. 

We  are  now  studying  six  strains  of  amebsB  of  the  Ameba  coli  type  and  find 
that  they  all  grow  better  on  nutrient  agar  than  on  the  special  agar  mentioned 
above. 

ENTAMCEBA  BUOOALIS  (PBOWAZEK). 

Introduction.— Amebse  have  been  reported  in  teeth  cement  and  in 
carions  teeth  as  well  as  in  abscesses  of  the  jaw.  Flexner  in  1892 
described  an  amebic  organism  in  the  latter  condition,  and  consid- 
ered it  identical  with  the  organism  described  by  Losch,  Councilman 
and  Lafleur  as  Amceha  coli.  In  the  same  year  Kartulis  described 
similar  organisms  found  in  similar  lesions.  Gross  and  Sternberg 
found  them  in  tartar  of  teeth,  but  Prowazek  (1904)  is  the  first  to 
have  separated  a  mouth  ameba  as  a  distinct  morphologic  species. 

The  Organism. — Prowazek  states  that  the  organism  which  he  de- 
scribes under  the  title  Entamoeba  buccalis  differentiates  itself  from 
Entamoeba  coli  (1)  by  its  possessing  a  distinct  en  to-  and  ectoplasm. 


Fig.  148 


Fig.  149 


EntamtBba  buccalis  (v.  Prowazek).  The  same 
Individual  drawn  from  life  in  three  successive 
movements,     x  1200  : 1. 


Entamwba  buccalis 
(v.  Prowazelc).  Fixed 
and  stained,  x  1500  : 1. 
(After  Hartmann,  from 
Kisskalt  and  Uart- 
mann.) 


(2)  by  its  mode  of  propagation  and  (3)  by  the  small  chromatin 
content  of  its  nucleus. 

From  the  Entamoeba  histolytica  it  is  distinguished  (1)  by  having 
a  distinct  nuclear  membrane,  somewhat  like  the  Entamoeba  coli,  the 
former  in  life,  however,  has  a  greenish  glimmer  while  the  latter  has 
a  yellowish  tint;  (2)  by  its  mode  of  propagation.  • 

The  size  of  the  ameba  (Fig.  148)  varies  from  6-32/*.  The 
larger  forms  are  thus  easily  distinguished  from  the  leucocytes,  while 
all  forms  may  be  diagnosed  by  their  light,  highly  refractive  green- 
ish glistening  appearance. 

A  further  differential  diagnostic  method  is  the  addition  of  enough 
of  concentrated  solution  of  neutral  red  to  stain  the  hanging  drops 
fluid  pink.  This  stains  the  nuclei  of  the  leucocytes  a  yellow  red, 
while  the  amebse  up  to  a  short  time  before  their  death  take  on  a 
glistening  red  color  which  appears  darker  than  the  red  stained  food 
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vacuole.  In  this  way  both  the  larger  and  smaller  ameb®  may  be 
distinguished  in  the  thickest  leptothryx  and  spirochete  network.  The 
smaller  forms  are  not  so  darkly  stained. 

The  dearer,  more  highly  refractive  ectoplasm  varies  in  amount 
sometimes  being  such  a  narrow  rim  as  to  be  mistaken  for  a  cyst  wall 
until  pseudopods  extend  from  it 

During  life  the  cytoplasm  seems  homogeneous,  but  occasionally 
a  slight  alveolar  structure  can  be  made  out,  though  the  entoplasm 
is  so  filled  with  food  vacuoles  that  its  structure  is  often  difficult  to 
determine.  Besides  vacuoles  the  cytoplasm  may  contain  some  green- 
ish granules. 

The  nucleus  is  a  non-motile  vesicular  body  made  prominent  in 
life  by  a  thick  glistening  membrane.  Stained,  it  shows  a  compara- 
tively small  number  of  chromatin  granules  often  arranged  in  a  group 
in  the  center  and  a  ring  about  the  periphery. 

The  movement  of  the  organism  is  varied.  Sometimes  one  large 
pseudopodium  is  formed  as  in  Amoeba  Umax,  then  suddenly  from 
one  side  a  number  of  pseudopodia  appear  into  which  the  whole 
protoplasm  flows,  etc. 

The  amebffi  are  found  most  frequently  in  thick  groups  of  leuco- 
cytes. Their  food,  which  is  ingested  in  the  usual  way,  is  digested 
in  food  vacuoles  by  slightly  acid  fluid.  No  contractile  vacuole  is 
seen.  Propagation  occurs  (1)  by  simple  division  apparently  ami- 
totic, though  it  is  probably  more  complicated.  (2)  By  formation 
of  chromidia  and  the  production  of  many  daughter  nuclei  after 
encysting.  This  is  difficult  to  make  out  because  of  the  large  number 
of  ingested  bacteria,  leucocytes  and  other  granules  in  the  entoplasm. 

The  forms  described  by  Kartulis,  Flexner  and  others  in  ab- 
scesses of  the  jaw  may  be  pathogenic  varieties  of  this  form. 

ENTAMCEBA  OOU  (LOSOH). 

Introduction. — According  to  Schaudinn  this  is  the  only  species  so 
far  separated  which  occurs  in  the  healthy  intestinal  tract  of  human 
beings.  Further  study  will  doubtless  bring  out  the  fact  that  there 
are  intermediate  forms  between  it  and  Entamcsha  histolytica,  but 
until  such  a  time  we  can  consider  only  the  two  distinct  species  as 
demonstrated  by  Schaudinn. 

Because  of  the  incomplete  earlier  descriptions  we  cannot  yet  decide,  in 
what  percentage  of  cases  the  non-virulent  form  is  found  and  in  what  per- 
centage the  virulent.  Neither  do  we  know  in  how  many  of  those  cases  hav- 
ing the  clinical  symptoms  of  dysentery  and  showing  amebsB  in  the  stools,  the 
amebse  were  causative  agents  in  the  disease.  The  cases  described  by  Coun- 
cilman and  Lafleur  and  hy  Harris  in  our  country  were  probably  all  due  to 
the  histolytica,  especially  as  they  mention  the  distinct  ecto-  and  entoplasm 
of  their  organisms  but  as  they  do  not  go  into  detail  of  its  life  history  we 
cannot  be  absolutely  sure.  Schaudinn  speaks  of  finding  the  coli  accompany- 
ing the  histolytica  in  cases  of  true  amebic  dysentery  and  of  finding  them 
increased  in  numbers  in  cases  of  simple  diarrhoea,  but  does  not  mention  their 
presence  in  liver  abscesses.    The  whole  work  of  Schaudinn  needs  more  cor- 
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roboration,  but  until  that  time,  as  we  have  before  stated,  his  work  must  be 
provisionally  accepted.  Schaudinn's  work  has  been  partially  corroborated 
by  Lesage,  by  Craig  and  Wenyon. 

Most  of  Schaudinn's  material  was  obtained  about  his  home  in 
Prussia.  He  states  that  he  found  this  form  of  ameba  in  one-half 
the  cases  examined  in  East  Prussia,  one-fifth  of  those  in  Berlin,  and 
256  times  in  385  examinations  in  Austria.  In  order  to  obtain  fresh 
material  for  study  he  infected  young  cats  as  did  Cassagrandi  and 
Barbagallo.  He  infected  himself  for  a  like  reason  and  found  that 
the  amebee  remained  in  his  intestines  about  two  months.  They  re- 
main in  the  upper  and  the  middle  parts  of  the  colon  where  the  reac- 

FiG.'  150 


Amoeba  coH.     a.  Containing  red  blood  cells  (ROmer).     b.  Cyst  with  eight 
nuclei   (Grassi). 

tion  is  alkaline,  and  they  are  obtained  in  the  stools  only  in  small 
numbers,  unless  castor-oil  or  saline  cathartic  is  given. 

Material  for  Examination. — The  stools  should  be  examined  as 
soon  as  possible  after  their  passage  (not  later  than  two  hours).  A 
platinum  loop  full  of  material  should  be  taken  from  the  slimy  masses 
in  the  thinner  parts  of  the  faeces,  diluted  with  physiologic  salt  solu- 
tion and  examined  as  a  hanging  drop  for  the  study  of  the  living 
forms.  A  warm  stage  should  be  used  in  order  to  increase  the  other- 
wise sluggish  movements  of  the  organism.  Smears  should  be  made 
from  similar  portions  of  the  faeces  and  prepared  according  to  the 
methods  given  on  p.  521.    Cultures  may  be  made  as  already  described. 

The  Organism  (Fig.  150). — As  in  Entamoeba  huccalis  the  parasites 
may  be  detected  with  low  ma^ification  by  their  size  (8-70/1*),  by  their 
high  degree  of  refraction  and  by  their  motion.  Schaudinn  found 
that  contrary  to  the  histolytica,  this  form  while  at  rest  shows  no 
diflFerentiation  into  ectoplasm  and  entoplasm,  though  in  motion  the 
pseudopods  are  hyaline.  Prowazek  found  the  same  thing  for  the 
biLCcalis.  The  pseudopods  in  the  coli  however,  are  not  so  refractive 
as  are  those  of  the  other  two  species.  The  organism  is  diflFerentiated 
further  from  the  histolytica  by  having  a  more  prominent  nucleus 
with  a  dense  nuclear  membrane  and  with  chromatin  contents  greater 
in  amount  than  in  either  of  the  other  forms.  The  nucleus  is  vesicular 
and  rounded  in  the  resting  stage  with  a  more  or  less  central  karyo- 
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some,  and  with  larger  and  smaller  grannies  of  chromatin  scattered 
throughout  the  achromatic  network,  and  heaped  about  the  membrane. 
Propagation  during  the  vegetative  stage  occurs  in  two  ways;  (1) 
by  simple  amitotic  division,^  (2)  by  breaking  up,  or  schizogony, 
into,  at  the  most  eight  daughter  cells.  In  the  latter  instance  the 
nucleus  undergoes  a  somewhat  complicated  process  of  division.     At 
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Scheme  of  the  development  cycle  of  Bntamwha  coH  (LOsch).  1-6  Schlaogony  of  the 
vegetative  form,  S  and  4  nuclear  Increase  through  multiple  nuclear  division,  5  cell  divi- 
sion, Sa  division  into  two  of  the  vegetative  forms;  6-Jt  autogamy  within  the  cyst,  7 
first  nuclear  division,  8  the  following  incomplete  cell  division  and  chromidium  forming, 
9  formation  of  the  gamete  nuclei  from  the  sexual  chromidium,  10  formation  of  two 
reduction  nuclei,  11  division  of  the  reduced  gamete  nuclei  in  motile  nuclei  (male)  and 
stationary  nuclei  (female).  It  both  the  syncaria  after  fusing  of  the  motile  and  station- 
ary nuclei,  IS  and  U  sporogeny  within  the  cyst,  IS  cyst  with  8  nuclei ;  produced  by 
successive  mitoses  from  the  two  syncaria,  H  bursting  of  the  cyst  and  freeing  of  the  8 
young  amcebiB  in  the  intestines  of  a  new  host.  After  Ilartmann,  from  Schaudlnn's 
description  (from  Kisskalt  and  Hartmann). 

first  it  increases  in  size  and  then  the  chromatin  gathers  together 
about  its  periphery  into  eight  particles,  the  nuclear  membrane  dis- 
appears and  the  chromatin  masses  lie  in  the  cytoplasm  which  sepa- 
rates into  eight  parts  about  each  nuclear  mass,  forming  the  eight 
daughter  amebse  which  creep  away.  These  two  forms  of  division 
may  go  on  in  diflFerent  amebse  at  the  same  time. 

*  In  our  own  work  we  have  found  that  in  related  forms  division  occurs  by  mitosis 
and  by  budding. 
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The  vegetative  stages  of  the  organism  take  place  in  the  upper 
part  of  the  intestines ;  as  the  faeces  become  thicker  most  of  the  v^e- 
tative  forms  die  off  while  some  pass  on  to  permanent  cyst  formation. 
As  with  many  cocci  dia,  parasitic  amebac  may  pass  through  a  long 
period  of  vegetative  life,  before  entering  npon  a  sexual  phase  wherein 
forms  are  produced  capable  of  infecting  a  new  host  The  length  of 
this  period  depends  upon  a  number  of  circumstances.  Under  con- 
ditions favorable  for  the  growth  of  the  ameba,  as  in  cases  of 
diarrhoea,  the  vegetative  phase  is  considerably  lengthened,  while  in 
healthy  intestines,  as  the  amebee  pass  down  with  the  thickening  faeces, 
the  infecting  cysts  are  more  or  less  quickly  formed. 

Within  the  cyst  the  special  form  of  conjugation  known  as  auto- 
gamy (Fig.  151)  takes  place.  The  cell  becomes  rounded,  rids  itself 
of  all  foreign  matter  and  forms  a  mucous  wall  about  itself.  Then 
the  nucleus  divides  by  mitosis  into  two  daughter  nuclei,  which  sepa- 
rate one  from  the  other  and  between  them  appears  a  lens-shaped  hole, 
as  if  two  not  fully  divided  cells  were  forming.  These  are  the  gam- 
etes. The  nuclei  give  out  most  of  their  chromatic  substance  as  chro- 
midia  into  the  cystoplasm  and  then  gradually  break  down  and 
become  absorbed.  The  chromidium  is  generative  and  from  it  two 
new  nuclei  are  formed,  the  sexual  nuclei.  These  divide  mitotically, 
forming  two  reduction  nuclei,  which  gradually  disappear.  By  this 
time  a  firm  cyst  membrane  is  produced.  The  central  clear  space  in 
the  cytoplasm  disappears  and  the  two  reduced  nuclei  divide  by  a 
primitive  mitosis  with  the  two  spindles  lying  parallel,  and  each  half 
of  one  nucleus  unites  with  the  corresponding  half  of  the  other,  one 
remaining  stationary  as  a  female  nucleus  and  the  other  moving  over 
to  it  as  a  male  nucleus — ^thus  two  fructified  nuclei  are  formed.  After 
this  autogamous  phase  there  follows  a  mitotic  division  until  eight 
nuclei  are  formed.  The  cyst  containing  these  nuclei  is  characteristic 
for  this  species,  and  is  not  seen  according  to  Schaudinn  in  any  other 
intestinal  parasites.  With  these  cysts  a  new  infection  may  be  pro- 
duced in  cats  and  in  human  beings  by  feeding. 

In  the  beginning  of  the  large  intestine  of  the  new  host  the  cyst 
wall  is  dissolved,  the  cyst  contents  divides  into  eight  young  amebse 
(sporogony),  and  the  cycle  begins  anew. 

It  is  said  that  red  blood  cells  are  not  found  in  this  form  but 
neither  would  they  necessarily  be  found  in  mild  cases  of  histolytica 
infection.  Pigment  granules  and  bacteria  have  been  seen  in  the 
cytoplasm. 

Pathogenesis. — Lower  Animals. — Just  how  pathogenic  this  form  is 
for  lower  animals  cannot  be  determined,  as  we  have  before  stated, 
until  a  more  minute  study  of  the  intestinal  amebee  is  made. 

Human  Beings. — Schaudinn  twice  infected  himself  with  cysts  from 
this  and  though  he  found  the  amebse  and  the  cysts  in  his  faeces  after- 
wards, he  had  no  symptoms  of  intestinal  disturbance.     It  does  not 


528  PATHOGENIC   M1CB0-0EGANI8M8. 

follow  that  they  would  always  be  non-pathogenic.  It  may  be,  un- 
der certain  conditions,  such  as  irritation  of  the  intestinsJ  mucosa 
by  various  means,  that  these  amebee  may  gain  an  entrance  into  the 
tissues  and  exert  a  pathogenic  action.  As  Strong  points  out,  a 
more  careful  study  of  the  secretory  products  of  this  form  among 
other  things  as  well  as  those  of  the  histolytica,  should  be  made  be- 
fore coming  to  a  conclusion  in  regard  to  the  continued  virulence  or 
avirulence  of  any  one  form. 

ENTAMCEBA  HISTOLYTIOA  (SOHAUDINN). 

Introduction. — According  to  Schaudinn  this  species  of  ameba  is 
found  only  in  cases  of  true  ulcerative  tropical  dysentery,  and  it  is 
the  cause  of  that  disease.  He  has  not  worked  out  the  full  cycle  be- 
cause of  the  few  cases  he  has  been  able  to  study,  but  he  considers 
that  he  has  found  enough  hitherto  unobserved  characteristics  to 
warrant  him  in  considering  the  form  observed  by  him  a  new  species, 
and  in  inferring  that  all  tropical  amebic  dysentery  cases  are  due 
to  the  same  species. 

The  material  for  examination  should  be  collected  and  pre- 
pared in  the  way  just  described  for  the  study  of  the  Entamoeba  coli 

The    Organism    (Fig.    152). — Schaudinn    describes   this    ameba 

Fig.  152 


Entamtrha  histolytica  (Schaudinn)  from  the  stool  of  n  dysentery  patient.  The  same 
individual  showing  two  successive  movements.  The  entoplasm  contains  the  nucleus  and 
three  red  blood  cells.     Vergr.  500:1.     After  JUrgens   (from  Kissknlt  and  Hartmann). 

sliortly  as  follows:  Size,  slightly  larger  than  that  of  Entamoeba  coli 
(Harris  says  12-36fi).  The  young  vegetative  forms  are  similar  to 
those  described  by  Jurgans.  In  the  living  state  the  diflFerence  be- 
tween tliis  species  and  the  E)damoeba  coli  is  that  the  former  has  a 
distinct  ectoplasm  and  entoplasm  and  denser,  more  refractive  pseu- 
dopoda  which  seem  tougher  and  more  viscid.  This  enables  the  or- 
ganism to  penetrate  more  easily  into  the  tissue  of  the  host.  The 
nucleus  of  this  form  is  much  less  easily  seen  in  life  than  that  of 
Amoeba  coli,  because  it  has  a  more  delicate  membrane,  and  is  less 
refractive.  These  differences  are  brought  out  even  more  clearly  in 
the  stained  preparations.  The  chromatin  content  of  the  nucleus  is 
very  much  less  than  that  of  the  Amoeba  coli.     Often  it  consists  only 
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of  a  small  karyoBome  and  a  narrow  thickening  about  the  membrane. 
The  nucleus,  moreover,  corresponding  to  the  delicacy  of  the  membrane, 
is  more  motile  and  consequently  more  variable  in  outline,  and  is 
easily  indentated  by  any  foreign  body  the  cell  may  contain.  It  is 
always  situated  eccentrically,  often  on  the  edge  of  the  ectoplasm. 
The  nucleus  of  the  Entamceba  coli  on  the  contrary  is  finer  and  more 
even  in  outline,  and  is  situated  in  or -near  the  middle  of  the  cvto- 
plasm. 

The  propagation  of  the  Entamoeba  histolytica  during  Ihe  vegetative 
stage  occurs  by  amitotic  division^  and  by  budding.  The  budding 
may  be  multiple.  There  are  no  signs  of  the  brood  formation  of  eight 
young  amebee  as  in  Entamceba  coli.  Whenever  such  forms  appear 
in  the  mixed  faeces,  as  they  do  occasionally,  both  species  are  present 

After  a  long  vegetative  period  tiny  lasting  cysts  are  formed.  At 
this  time  the  recovery  of  the  patient  begins,  and  the  cysts  may  be 
found  as  are  those  of  Entamceba  coli,  in  the  thicker  lower  portions 
of  the  fax^s.     They  were  never  foimd  at  the  height  of  the  disease. 

These  permanent  cysts  are  formed  as  follows:  The  nucleus  en- 
larges, the  chromatin  increases  in  amount,  and  most  of  it  passes  out 
as  chromidia  into  the  cytoplasm  which  is  finally  filled  with  it,  while 
the  nucleus  degenerates.  On  the  surface  of  the  cytoplasm  are  now 
formed  small  rounded  bodies  of  3-7/*  diameter.  These  balls  which 
can  be  seen  forming  in  the  hanging  drop,  produce  about  themselves 
a  double  contoured  membrane  which  after  several  hours  takes  a  clear 
brownish-yellow  color,  and  become  very  refractive.  At  this  stage 
no  structure  can  be  made  out  within  the  ball.  The  rest  of  the  ameba 
finally  degenerates.  The  stained  preparation  shows  that  the 
chromidium  passes  to  the  periphery  of  the  entoplasm  and  then  into 
the  ectoplasm  where  it  forms  a  thick  network.  As  the  small  spher- 
ical bodies  develop  they  are  seen  to  be  filled  with  this  network  of 
chromidia,  but  after  the  refractive  brownish  membrane  forms  about 
them  no  structure  can  be  made  out  even  in  the  stained  preparations. 
So  the  further  minute  changes  in  the  life  cycle  at  this  period  are 
not  known.  But  Schaudinn  shows,  by  experiment,  that  with  these 
small  spherical  bodies  the  infection  of  the  new  host  is  probably 
brought  about.  He  examined  many  slides  of  fseces  from  one  of  his 
amoebic  dysentery  cases  from  China  and  after  finding  that  they  con- 
tained no  cysts  of  Amceba  coli,  but  only  those  of  Amoeba  histolytica, 
he  washed  off  the  dried  faeces  with  water  and  fed  a  certain  amount 
to  a  young  cat  whose  faeces  had  been  found  to  contain  no  amebae  or 
their  cysts.  On  the  third  day  the  cat  had  bloody  diarrhoeal 
faeces  containing  many  forms  of  the  typical  Eniamoeba  histolytica^ 
Twenty-four  hours  later  the  cat  died,  and  the  autopsy  showed  typical 
ulcerative  dysentery  with  the  penetration  of  the  amebae  into  the 
epithelia  as  Jurgans  and  Councilman  and  Lafleur  showed.     A  cat 

*  According  to  our  own  observations,  this  is  probably  wrong.     Mitotic  division 
in  the  vegetative  stage  no  doubt  occurs  in  all  species  of  this  genus. 
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fed  with  material  from  these  stools  containing  only  the  v^tative 
forms  of  the  amebee  remained  healthy;  but  the  same  cat  fed  some 
weeks  later  on  material  containing  many  of  the  small  spores,  came 
down  with  typical  dysentery  six  days  later  and  died  in  two  weeks 
with  all  the  typical  symptoms  of  the  disease.  This  case  shows  that 
the  cysts  and  not  the  vegetative  forms  in  all  probability  produce  the 
new  infection. 

Pathogenesis. — Lower  Animals. — ^Through  the  experiments  of  vari- 
ous workers  it  has  been  shown  that  young  cats,  dogs  and  monkeys 
may  be  infected  with  this  organism.  The  infection  may  take  place 
in  two  ways.  (1)  By  feeding  material  containing  the  e^sts.  (2) 
By  rectal  inoculations  of  the  vegetative  forms.  The  best  work  done 
on  dogs  is  by  Harris  in  1901,  who  found  that  puppies  were  particu- 
larly susceptible  after  rectal  injections  of  fresh  material  from  hu- 
man dysentery  cases.  Morphine  was  administered  before  the  in- 
jection in  order  to  retard  peristalsis.  The  disease  developed  in 
two  or  three  days  and  lasted  from  four  to  sixteen  days.  The  symp- 
toms were  a  bloody  diarrhoea  and  progressive  emaciation.  The 
lesions  observed  in  ihe  intestines  on  post  mortem  examinations  were 
a  swollen  and  congested  mucosa,  over  which  were  scattered  numer- 
ous small  ulcers.     In  two  cases  there  were  liver  abscesses. 

Microscopically  the  mucosa  first  showed  slight  exudative  and  productive 
inflammation,  followed  by  necrosis  and  desquamation  o£  the  epithelial  cells 
and  their  basement  membrane.  At  the  same  time  the  interglandular  tissues 
beneath  became  swollen  and  small  hemorrhages  occurred.  Great  numbers 
of  macrophages  collected.  Ulceration  proceeded  from  above  downwards. 
Many  amebse  were  first  seen  in  and  between  the  epithelial  cell,  then  in  the 
connective  tissue  at  the  base  or  sides  of  the  ulcers.  Necrotic  and  suppura- 
tive processes  producing  varying  d^rees  of  suppurative  inflammation  may 
complicate  the  lesions. 

The  abscesses  which  form  in  the  liver  contain  degenerated  liver  cells,  poly- 
nuclear  leucocytes,  red  blood  cells  and  groups  of  small  amebsB. 

As  controls  Harris  tried  rectal  injections  of  various  bacteria  in- 
cluding the  Shiga  bacillus.  All  gave  negative  results,  however,  and 
he  considered  that  the  ameba^  showed  their  specific  action  very 
plainly.  Though  he  did  not  describe  the  morphology  of  the  organ- 
ism from  his  cases  with  enough  minuteness  to  identify  it  with 
Schaudinn's  histolytica,  he  ^ve  enough  points  to  make  the  infer- 
ence strong  tliat  it  is  the  same  species.  Whether  Eniamwba  cdi 
would  produce  similar  dysentery  in  young  dogs  is  yet  to  be  proved. 
As  stated  al)ove,  Schaudinn  found  that  he  could  produce  the  typical 
disease  by  feeding  young  cats  with  cysts  but  could  not  get  the  same 
results  by  feeding  the  vegetative  fonns. 

Musgrave  and  Clegg  injected  "  pure  mixed  cultures  "  of  material 
from  cases  of  clinical  amebic  dysentery  as  well  as  similar  cultures 
of  amebie  from  various  sources  into  monkeys  and  produced  dysen 
tery.  Musgrave  fed  monkeys  with  encysted  amebse  in  bacterial  cul- 
tures and  obtained,  in  a  small  percentage  of  the  cases,  dysenteric 
stools  and  ulcerations  in  which  amebse  were  found  without  their 
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accompanying  bacteria.  Kartulis,  Kruse  and  Pasqnale  and  Strong 
injected  into  the  rectum  the  contents  of  liver  abscesses  containing 
apparently  only  the  ameb®  and  produced  typical  dysentery,  with 
lesions  similar  to  those  seen  in  man. 

Strong  states  that  the  lower  monkey  and  the  orang-outang  in  the 
Philippines  contract  the  disease  naturally. 

In  Man. — The  disease  produced  by  amebse  in  man  is  known  as 
amebic  dysentery  (amebic  colitis,  amebic  enteritis,  amebiasis). 

Incidence. — The  disease  occurs  endemically  in  tropical  countries. 
It  is  particularly  prevalent  in  Egypt,  India  and  the  Philippine 
Islands.  It  occurs  frequently  in  parts  of  South  America  and  the 
southern  United  States.  Sporadic  cases  are  found  in  other  parts  of 
the  United  States^  and  in  Russia,  Germany,  Austria,  Italy  and 
Greece.  An  occasional  small  epidemic  may  occur  in  the  milder 
climates.  Where  it  is  endemic,  the  largest  number  of  cases  occurs 
after  the  heavy  rains  have  begun  in  early  summer.  Males  are  more 
frequently  attacked.  It  may  occur  at  all  ages,  but  young  adults 
seem  most  susceptible.  The  foreign  white  race  seems  to  be  more  sus- 
ceptible than  natives.  Unhygienic  surroundings  are  generally  a  pre- 
disposing factor,  but  in  the  Philippines  all  classes  are  likely  to  be 
attacked  who  do  not  take  continuous  and  extraordinary  precautions 
in  regard  to  their  drinking  water. 

The  symptoms  may  be  mild  or  severe.  The  disease  usually  runs  an  ir- 
regular course  marked  by  periods  of  intermission  and  exacerbation.  It  may 
begin  acutely  with  slight  fever,  griping,  tenesmus  and  frequent  stools. 
Occasionally,  however,  the  outset  is  gradual,  lasting  from  a  few  days  to  sev- 
eral weeks.  The  disease  is  generally  chronic,  extending  over  a  period  of  a 
few  weeks  or  of  many  years.  In  the  mild  form  which  is  usual  in  children, 
the  general  condition  may  be  remarkably  good,  the  only  symptoms  worth 
mentioning  being  the  increased  number  of  stools — 2  to  6  in  twenty-four 
hours,  which  contain  few  to  many  amebce.  In  the  severe  forms  there  is  a 
loss  of  appetite,  great  emaciation,  some  fever,  acceleration  of  the  pulse, 
sweating,  abdominal  pains  and  a  decided  increase  of  the  number  of  stools 
— 6  to  20  daily.  The  stools  are  more  fluid  and  slimy  and  may  be  bloody. 
They  contain  ameb®  in  varying  numbers.  In  very  severe  forms  the  stools 
are  watery,  filled  with  blood,  mucus,  and  sometimes  sloughs.  They  vary  in 
numbers  from  20  to  50  in  twenty-four  hours  and  may  contain  many  ameb®. 

The  milder  forms  may  change  suddenly  to  the  severest,  and  the  severest 
may  suddenly  become  better  and  completely  recover. 

Source  of  Amebse. — Nothing  can  yet  be  said  about  the  exact 
source  of  Schaudinn's  pathogenic  variety,  as  so  few  have  identified 
the  organism.  Strong  states  that  in  Manila  the  greatest  source  of  in- 
fection from  amebflB  is  the  water  supply,  that  amebsB  were  cultivated 
from  the  water  in  large  numbers  in  1902,  but  no  attempt  was  made 
to  demonstrate  their  pathogenicity.  In  1904,  however,  Musgrave 
produced  dysentery  in  a  monkey  with  a  culture  of  a  water  ameba, 
though  in  a  few  experiments  he  was  unable  to  infect  cats  from  the 

^Dock  in  a  systematic  search  for  intestinal  amebee  in  Michigan  was  unable  to 
find  any,  but  later  he  reported  a  topical  case  of  amebic  dysentery  occurring  in  a 
nativQ  farmer, 
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amebee  obtained  from  this  monkey.  Practically  it  is  proved  that 
people  in  Manila  avoid  being  infected  with  amebee  if  they  do  not 
drink  local  water.  Lettuce  leaves  and  other  fresh  vegetables  as  well 
as  certain  fruits  may  be  sources  of  infection. 

As  dilute  acids  quickly  kill  the  amebee  it  is  probable  that  many  of 
those  ingested  are  destroyed  in  the  stomach. 

Immunity  to  the  disease  may  exist  It  is  supposed  that  the 
amebee  as  ihej  die  produce  toxic  substances  which  call  forth  anti- 
bodies, but  this  has  not  yet  been  determined.  The  necrosis  produced 
in  the  liver  abscesses  when  bacteria  are  absent  is  an  indication  of  the 
production  of  necrogenic  substances  (D.  Wills). 

The  percentage  of  deaths  in  the  severe  cases  is  quite  large,  es- 
pecially if  accompanied  by  abscess  of  the  liver.  Probably  25  per 
cent  of  all  cases  are  fatal.  When  treatment  is  begun  early  the  prog- 
nosis is  better. 

Treatment.  There  is  no  specific  curative  treatment  Besides  rest 
and  diet,  high  enemata  of  bisulphate  of  quinine  have  been  recom- 
mended. Harris  has  gotten  good  results  from  hydrogen  dioxide 
enemata  diluted  from  4  to  8  times  with  water.  About  a  quart  is  in- 
jected twice  daily  for  a  week,  then  the  amount  is  gradually  decreased. 

Special  Staining  Method. — Living.  Harris  found  that  a  drop  of  a 
watery  solution  of  toluidine  blue  added  to  a  small  particle  of  the  fasces  stains 
the  endoplasm  of  the  amebse  at  once  and  the  ectoplasm  a  few  minutes  later. 
The  amebsB  seem  to  be  instantly  killed  and  often  when  natural  forms  are 
beautifully  preserved  the  coverslips  after  being  washed  in  water  and  mounted 
in  Farrant's  medium,  may  be  preserved  for  months,  but  after  a  time  the 
stain  completely  fades. 

Wright's  or  Giemsa's  stains  give  moderately  good  results  with  smears. 
So  also  does  Delafield's  hsematoxylin.  In  tissues  Mallory  and  Wright  recom- 
mend the  following  methods: 

1.  Harden  in  alcohol.  2.  Stain  sections  in  a  saturated  aqueous  solution 
of  thionin  three  to  five  minutes.  3.  Differentiate  in  a  2  per  cent,  aqueous 
solution  of  oxalic  acid  for  one-half  to  one  minute.  4.  Wash  in  water.  5. 
Dehydrate  in  alcohol.  6.  Clear  in  oleum  origani  cretici.  7.  Wash  off  with 
xylol.    8.  Xylol  balsam. 

Pathology  in  Man. — The  lesions  are  chiefly  in  the  large  intestines.  The 
walls  are  thickened  in  chronic  cases,  especially  the  submucosa.  There  are 
raised  hemispheric  areas  of  hemorrhagic  catarrh  and  of  ulceration.  The 
whole  of  the  large  intestines  may  be  affected  or  only  more  or  less  circum- 
scribed areas.  The  amebse  pass  between  the  epithelial  cells,  generally 
through  small  erosions,  and  they  finally  reach  the  submucosa  by  the  lymph 
channels.  Here  reproduction  takes  place  and  the  irritfltion  to  the  tissue 
causes  oedema  and  infiltration  of  small  spheroidal  cells.  This  produces  small 
elevations  into  the  lumen  of  the  intestines.  The  epithelium  over  these 
raised  areas. is  finally  eroded  and  then  bacteria  and  intestinal  contents  help 
form  the  succeeding  ulcer.  The  erosions  or  ulcerations  have  congested  under- 
mined margins,  and  yellowish-red  bases.  They  vary  in  size  from  2  mm. 
to  about  2  cm.  They  are  round,  oval  or  irregular  in  outline.  The  ulceration 
usually  extends  only  to  the  submucosa  but  may  expose  the  peritoneum,  and 
large  sloughs  may  be  cast  off  into  the  lining  of  the  intestines.  Generally 
the  slow  inflammatory  process  in  the  submucosa  leads  to  great  thickening  of 
the  intestinal  wall. 

The  processes  may  be  modified  in  various  ways  by  the  action  of  other 
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microorganisms,  especially  the  bacteria  in  the  fsBces.  Healing  takes  place 
by  the  formation  of  connective  tissue  in  the  floors  and  by  a  gradual  cover- 
ing over  with  epithelium.    In  extensive  lesions,  scars  may  form. 

Feritonitis  may  occur  with  the  production  of  an  opaque  gelatinous  fibrinous 
fluid  in  which  the  amebs  may  be  found. 

Abscesses  may  form  in  the  liver  (about  20  per  cent,  of  all  cases),  less  often 
in  the  lungs,  and  only  occasionally  in  the  brain  and  spleen.  Amebie  may 
reach  the  liver  through  lymph  channels,  portal  vein  and  peritoneid  cavity. 
The  other  organs  are  only  slightly  changed. 

Diagnosis. — ^Examination  of  stools  should  be  made  as  quickly  as 
possible  after  they  have  been  passed  and  they  should  be  free  from 
urine.  The  amebse  must  be  seen  motile,  becduse  after  encystment 
or  death  it  is  often  difficult  to  distinguish  them  from  other  intestinal 
contents.  Bloody  mucus  or  small  pieces  of  necrotic  tissue  should 
be  examined  first  as  they  often  contain  large  numbers  of  amebsB. 

If  the  movements  are  solid  a  dose  of  salts  should  be  given  and 
the  fluid  part  of  the  resulting  stools  examined. 

For  a  differentiation  between  the  Entamceba  coli  and  the  Entamoeba 
histolytica,  Lesage  has  reconunended  the  addition  of  a  dilute  watery 
solution  of  iodine  to  fluid  stools.  This  causes  the  characteristic  cysts 
of  either  form  to  appear  in  a  few  minutes. 

An  absolute  diagnosis  of  liver  abscesses  can  often  only  be  made 
by  an  exploratory  puncture  and  the  finding  of  the  amebse.  If  this 
is  done  the  surgeon  should  be  at  hand  to  operate  if  necessary. 

Prognosis  is  grave  unless  proper  treatment  is  carried  out. 

AMEBiB  IN  OTHER  DISEASES. 

Baelz  found  a  very  large  ameba  in  the  bloody  urine  and  in  the 
vagina  of  a  twenty-three-year-old  Japanese  who  was  suffe;*ing  from 
tuberculosis  of  the  lung.  Jiirgens,  Kartulis,  and  Posner  also  reported 
finding  similar  ameba  in  cases  of  cystitis  and  bloody  urine. 

Fig.  153 


Leydenia  gemmipara  Schnudinn.  A .  single  amoeba :  B,  Plasmodia  and  budding :  n, 
nucleus:  »',  nucleus  dividing;  cv,  contractile -vacuole;  v,  vacuole;  er,  red  blood  cell; 
Kn,  budf ;  Ka,  amoeba  developed  from  bud. 
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In  the  ascitic  fluid  of  a  man  who  had  carcinoma  of  the  stomach, 
Leyden  found  motile  cellular  elements  which  Schaudinn  pronounced 
independent  organisms  belonging  to  the  rhizopoda  and  named  by 
him  Leydenia  gemmipara  (Fig.  153).  Similar  organisms  were 
found  in  the  ascitic  fluid  of  a  girl  who  had  an  abdominal  tumor.  The 
organisms  remained  motile  in  the  ascitic  fluid  seven  days  after  re- 
moval. The  organism  possesses  a  plusating  vacuole  and  one  vesi- 
cular nucleus ;  it  divides  directly  and  by  budding.  The  individuals 
seem  readily  to  fuse  (plastogamy).  The  pathological  significance 
of  this  rhizopod  is  not  clear. 

Amebee  occurring  in  the  mouth  have  already  been  noted. 

MTOETOZOA. 

Introduction. — There  is  some  confusion  in  regard  to  placing  this 
group  due  to  the  fact  tliat  in  it  are  put  many  more  or  less  indefinite 
forms  which  are  difficult  to  classify.      Some  forms  have  both  distinct 
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A.  Cell  of  root  of  cabbage  infiltrated  with  Plasmodiophora  ameh€e.  The  amebs  are 
fusing,  forming  Plasmodia.  B.  Beginning  mitotic  division  of  the  amebs.  The  nucleus 
of  the  host  ceil  beneath.     (After  Nawaschin.) 

rhizopod  and  flagellate  phases  and  they  produce  simple  cysts  for 
reproduction  while  others  have  more  plant-like  characteristics. 

Among  the  former  is  placed  the  Plasmodiophora  brassicce,  Waro- 
nin,  of  historic  interest  in  medicine  because  of  the  claims  made  from 
time  to  time  that  it  or  forms  related  may  produce  human  tumors. 
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The  Plasmodiophora  Brassicje  is  an  intraoellular  parasite  of 
members  of  the  Cruciferse,  producing  large  tumors  in  their  roots 
("fingers  and  toes,"  "club-foot").  When  inoculated  into  experi- 
mental animals  it  produces  small  granulomata,  which  finally  dis- 
appear. The  spores  taken  in  by  the  macrophages  under  these  con- 
ditions resemble  some  of  the  cell  inclusions  seen  in  the  human  malig- 
nant tumors,  hence  the  reason  for  the  belief  that  under  certain  con- 
ditions they  may  have  an  etiologic  relationship.  At  present  the  idea 
is  abandoned. 

The  study  of  the  Pldsmodiophora,  however,  may  be  helpful  to  us 
in  coming  to  an  understanding  of  the  nature  of  some  of  the  patho- 
genic protozoa,  since  it  is  so  closely  related  to  the  rhizopoda.  Ma- 
terial may  be  more  or  less  easily  obtained,  and  a  certain  amount  of 
development  may  be  observed  in  the  hanging  drop.  Much  of  the 
life  cycle  may  be  satisfactorily  demonstrated  from  sections  of  cab- 
bage seedlings  and  the  older  plants.  There  are  many  points,  how- 
ever, in  the  life  history  which  still  need  explanation  or  corroboration. 

The  Organism. — The  roots  are  supposed  to  be  infected  by  the  flagel- 
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Two  cells  infiltrated  with  spores  of  the  Plasmodiophora  brassicof.     (Doflein.) 

lated  ameboid  sporozoites  which  leave  the  spore  cysts  in  the  moist 
earth  and  enter  the  young  rootlets  of  the  seedlings.  Here  they  grow 
and  divide  by  cell  bipartition  and  by  a  multiple  increase  of  the 
nucleus  through  a  primitive  karyokinesis.  As  these  forms  increase 
in  numbers  they  are  supposed  to  fuse  into  a  plasmodium  due  to  over- 
crowding (Fig.  154  A).  Following  this  fusion  there  is  a  simul- 
taneous nuclear  division  by  definite  karyokinesis  (Fig.  154  B)  until 
the  whole  host  cell  is  filled  with  an  indefinite  mass  containing  many 
tiny  nuclei,  finally  the  cytoplasm  collects  around  these  nuclei  and 
small  spores  are  formed  whidi  possess  a  dense  cyst  membrane.  These 
spores  fill  the  dead  cell  of  the  host  (Fig.  155),  and  are  contained  in 
tlie  soil  where  they  remain  until  favorable  conditions  allow  the  infec- 
tion of  a  new  host. 
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CHAPTER    XLI. 
FLAGELLATA. 

Qeneral  Oharaoteristics. — Flagellata  are  protozoa  which  move, 
and  in  some  fonns  feed,  by  one  to  several  flagella  or  whip-like  proc- 
esses.    If  pseudopodia  develop,  they  are  transitory. 

Generally  the  flagella  arise  from  the  anterior  part  of  the  organism, 
and  in  motion  the  larger  ones  (primary  flagella)  are  directed  for- 
ward, while  smaller  ones  (secondary  flagella)  are  directed  back- 
ward, acting  as  rudders.  Certain  flagellata  possess  a  modification 
of  the  flagellum  in  what  is  called  the  undulating  membrane,  which 
consists  of  a  fluted  protoplasmic  process  attached  along  one  side  of 
the  organism,  the  free  edge  of  which  is  prolonged  as  the  flagellum. 
It  has  been  shown  that  flagella  are  not  simple  protoplasmic  processes, 
but  that  they  have  more  or  less  of  a  framework  of  elastic  fibres  as 
well,  hence  their  power  in  locomotion  can  be  better  understood. 
Except  with  special  stains,  which  bring  out  these  fibres,  they  appear 
homogeneous. 

The  flagella  arise  from  some  definite  place  in  the  cytoplasm,  some- 
times from  a  distinctly  differentiated  chromatic  body  which  has  been 
given  various  names,  such  as  blepharoplast,  centrosome,  basal  granule, 
microsome,  diplosome  or  flagella  root;  sometimes  directly  from  the 
nucleus.  The  basal  granules  seem  to  be  derived  primarily  from  the 
nucleus,  and  from  a  physiologic  standpoint  may  be  considered  as 
motor  nuclei. 

The  body  of  the  flagellates  is  generally  more  or  less  elongated  and, 
except  in  most  primitive  ones,  is  fixed  in  its  outline.  The  latter 
characteristic  is  chiefly  due  to  the  fact  that  the  organisms  usually 
possess  a  definite  though  delicate  membrane  containing  elastic  fib- 
rils. The  cytoplasm  is  usually  not  differentiated  into  an  ento-  and 
ectoplasm.  It  often  contains  one  to  several  contractile  vacuoles,  as 
well  as  food  vacuoles,  and  there  is  frequently  a  definite  opening  or 
cytostom  for  the  entrance  of  food.  Generally  there  are  many  gran- 
ules and  inclusions  of  various  kinds  scattered  throughout  the  cyto- 
plasm. The  nucleus,  as  a  rule  situated  anteriorly,  varies  much  ac- 
cording to  different  species  and  to  different  stages  of  development 

The  Flagellata  multiply  cither  in  the  free  motile  condition  or 
after  encystment  In  the  first  case  as  a  general  thing  they  divide 
longitudinally.  The  basal  ganglia  and  flagella  divide  with  the 
nuclei.  Multiple  division  is  also  obser\'ed.  In  the  second  case, 
they  may  or  may  not  conjugate  before  they  encyst.  Then  division 
forms  occur  in  the  cyst  by  a  process  similar  to  that  in  the  amebte. 

The  sexual  cycle  varies  much  in  different  species.     Isogamy  has 
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been  noticed  between  fully  grown  individuals  as  well  as  between 
smaller  forms.  The  union  of  different  sized  forms  or  anisogamj 
has  also  been  observed.  Also  autogamy  is  not  infrequent  (See  Fig. 
156.)  Schaudinn  claims  that  certain  of  the  flagellates  pathogenic  in 
man  require  a  second  host  for  the  development  of  their  sexual  cycle. 

Natural  Habitat. — Flagellates  are  numerous  in  foul  and  stag- 
nant water,  along  the  banks  of  ponds,  lakes  and  rivers,  in  the  ocean 
in  the  intestinal  contents  of  various  animals,  fish  especially,  and  a 
few  in  the  body  fluids  of  higher  animals. 

Classification.  Following  the  classification  we  have  adopted, 
the  flagellates  parasitic  in  man  are  from  three  orders,  the  Monadida, 

Fig.  156 


Diagram  of  variations  in  life  cycle  of  flagellates:  1,  a  young  flagellate;  2,  adult 
flagellate;  3,  longitudinal  division  of  adult  free  form;  4,  daughter  flagellate;  6,  encys- 
tatlon ;  6-8,  division  into  isogametes ;  9  and  z,  division  into  macrogametes  and  micro- 
gametes,  cliaracteristlc  for  some  forms ;  9,  conjugation  of  the  isogametes ;  y,  conjuga- 
tion of  the  macrogametes  and  microgametes ;  10,  restlng-stage — zygote;  11-12,  division 
into  young.     (After  Doflein.) 

the  Heteromastigida  and  the  Polymastigida.  The  diief  differences 
between  these  orders  are  those  of  size  and  number  of  flagella.*  Under 
the  Monadida  are  placed  the  genera  Cercomonas,  Herpetomonas, 
Piroplasma,  Lewhmania  and  Trypanosoma  with  Spirocheta  as  an 
appendix ;  Bodo  is  put  with  the  Heteromastigida ;  and  Trichomonas 
and  Lamblia  are  classed  with  the  Polymastigida. 

Hartmann  puts  the  Trypanosomata,  with  other  blood  parasites,  in 
a  new  order,  the  Binucleaia,  and  makes  the  Spirocheta  an  ap- 
pendix of  this  order.  According  to  this  arrangement  the  Hemo- 
sporidia  are  taken  from  the  Sparozoa  and  placed  with  the  Trypano- 
somata  in  this  order,  the  malarial  organisms  supposedly  lose  through 
their  parasitism  many  of  the  characteristics  ascribed  to  this  order. 

'  See  classification. 
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Material  for  Glass  Study. — Generally  a  number  of  flagellates  are  found 
in  the  large  intestine  of  the  lower  animals.  The  toad,  the  grass  lizard,  and 
the  guinea-pig  may  contain  some  interesting  forms.  As  these  forms  are 
easily  obtained  and  remain  alive  a  long  time  outside  of  the  body  they  are 
well  fitted  for  class  study. 

The  f SBces  are  obtained  by  pressing  lightly  over  the  anus  of  the  animal,  or 
if  the  whole  intestinal  tract  is  to  be  examined,  by  sacrificing  the  animal  and 
dissecting  out  the  parts  wanted.  The  material  is  placed  in  a  clean  watch 
glass  and  thinned  if  necessary  with  physiologic  salt  solution.  Hanging 
drops  may  be  made  in  physiologic  salt  solution  or  in  such  a  solution  made 
a  little  thick  by  the  addition  of  gelatin  in  order  to  retard  the  motion  of  the 
flagellates  somewhat  so  they  may  be  better  studied. 

Permanent  preparations  may  be  made  according  to  directions  given  on 
p.  521.  As  most  of  the  pathogenic  members  of  tins  group  may  be  difficult 
to  obtain  in  the  living  condition  at  any  stated  time  they  must  be  studied  by 
students  principally  in  stained  smears  and  sections. 

If  one  can  obtain  rats  infected  with  Tr,  Lewisi,  others  with  one  or  more 
pathogenic  forms;  still  others  with  Spirocheta  Obermeieri,  and  dogs  with 
Piroplasma  cants,  the  infecting  organisms  can  be  kept  alive  by  frequent  rein- 
Oculation  of  the  heart's  blood,  subcutaneously  or  intraperitoneally  into  the 
fresh  animal  or  cultures  may  be  carried  on  (see  p.  553,  etc.).  But  this  is  an 
exx>ensive  and  tiresome  work  in  those  laboratories  where  such  work  is  not 
being  carried  on,  and  generally  one  must  rely  on  the  permanent  preparation. 
In  the  development  in  the  second  host  one  must  also  study  the  stained  speci- 
mens in  the  great  majority  of  instances. 

The  fresh  specimens  of  blood  are  obtained  from  the  tail  tip  of  the  rat,  or 
the  ear  of  the  dog;  it  may  be  examined  after  dilution  ^th  physiologic  salt 
solution  in  the  hanging  drop,  or  in  a  drop  spread  under  a  cover  glass  and 
ringed  with  vaseline.  For  permanent  preparations  films  of  the  blood  are 
spread,  fixed  and  stained  in  the  usual  way;  Giemsa's  method  of  staining 
(p.  609)  is  very  satisfactory. 

For  section  work  of  the  various  organs  the  fixatives  and  methods  given  on 
page  522  may  be  used.    Special  methods  are  given  under  each  organism. 

0EB0OMONA8. 

The  members  of  this  genus  are  round  or  oval  flagellates  with  a  long 
anterior  flagellum  and  a  more  or  less  pointed  posterior  one  which  is 
sometimes  ameboid.  The  vesicular  nucleus  is  situated  anteriorly 
and  lying  near  it  are  one  or  two  contractile  vacuoles.  Division  into 
two  daughter  forms  has  been  observed. 

A  number  of  cercomonada,  none  of  them  well  studied,  have  been 
observed  in  different  animals,  as  well  as  in  man. 

Cercomonas  hominis  (Davaine,  1854)  was  observed  in  the  dejec- 
tions of  a  cholera  patient  by  Davaine.  The  body  is  10/*  to  12/*  long 
and  pear-shaped,  pointed  posteriorly.  The  flagellum  is  twice  as  long 
as  the  body.  The  nucleus  is  diflSeult  to  see.  Davaine  also  reported 
a  smaller  form  in  the  stools  of  a  typhoid  patient  Other  observers 
have  noticed  similar  forms  in  human  stools,  some  associated  witli 
Amoeba  colL  Similar  forms  have  been  seen  also  in  an  echinococcus 
cyst  of  the  liver,  in  the  sputum  from  a  case  of  lung  gangrene,  in  the 
exudate  of  a  hydropneumothorax,  and  a  few  times  in  the  urine. 
They  are  all  probably  harmless  invaders. 
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HEBPET0M0NA8. 

Certain  flagellates  found  in  the  digestive  tract  of  mosquitoes  and 
other  insects  are  very  similar  to  the  trypanosomata.  Among  th^n 
two  distinct  types  have  been  recognized,  Herpetomonas  and  Crithidia, 
the  main  difference  between  them  being,  according  to  L^er,  the 
large  size  of  the  adult  monadian  form  of  the  former  as  compared 
with  the  latter.  The  distinctions  between  these  two  genera  and 
the  genus  Trypanosoma  which  have  been  recognized  are:  (1)  the 
former  contain  no  undulating  membrane,  and  (2)  their  centrosome 
or  blepharoplast  usually  lies  at  the  side  of  or  anterior  to  the  nucleus 
instead  of  posterior  to  it  as  in  Trypanosoma. 

These  distinctions,  Novy  claims,  disappear  in  the  cultural  forms 
of  the  three  genera,  when  all  show  a  rudimentary  undulating  mem- 
brane and  an  anterior  blepharoplast;  he  therefore  considers  them  all 
one  genus,  Trypanosoma. 

From  the  recent  work  done  on  members  of  the  genera  Piroplasma 
(Babesia)  and  Leishmania  (Leishman-Donovan  bodies),  it  seems 
probable  that  they  are  closely  related  to  this  group  of  flagellates. 
A  description  of  them  and  of  the  diseases  produced  by  them  is 
therefore  placed  here. 

GENUS  PIROPLASMA  (BABESIA)  SMITH  AND  EILBOBNE  (1893). 

It  was  not  until  1888  that  there  was  a  hint  as  to  the  real  nature 
of  the  actual  cause  of  "  Texas  fever  "  (bovine  malaria,  tick  fever, 
hfiBmoglobinuria),  and  allied  diseases  which  attack  field  cattle  in 
many  parts  of  the  world.  Then  Babes  described  inclusions  in  red 
blood  cells  in  Roumanian  cattle  sick  with  the  disease,  though  he  did 
not  decide  upon  the  nature  of  the  organism.  No  new  studies  were 
reported  until  1893,  when  Theobald  Smith  and  Kilbome  gave  such 
a  complete  description  of  this  disease  and  its  cause  as  occurring  in 
Texas  cattle  that  little  that  is  new  has  since  been  discovered. 

These  authors  describe  as  the  cause  of  Texas  fever  pigment-free, 
ameboid  parasites  appearing  in  various  forms  within  the  red  blood 
cells  of  infected  animals.  The  organisms  may  be  irregularly  round 
and  lie  singly  or  they  may  be  in  pear-shaped  twos,  united  by  a  fine 
line  of  protoplasm. 

Because  of  these  double  pear-shaped  forms  Smith  and  Kilbome 
named  the  organism  Pyrosoma  higeminwm}  and  they  placed  it  pro- 
visionally among  the  hsemosporidia.  These  authors  also  showed 
that  the  contagion  was  carried  by  a  tick  {BoophUus  bovis).  Their 
work  has  been  corroborated  by  many  investigators  in  different  parts 
of  the  world.     Hartmann  places  this  genus  in  his  new  order  Binu- 

*  The  generic  name  Pyrosoma,  already  in  use  for  a  well-known  Ascidian  genns, 
was  altered  to  Piroplasma  by  Patton  in  1895.  In  the  meantime  Starcovici  (1893) 
had  given  the  name  Babesia  hovis  to  the  form  described  by  Babes;  and  as  this 
form  seems  to  be  identical  with  that  described  by  Smith  and  Kilbome  the  correct 
name  of  the  genus  should  be  Babesia,  while  the  species  parasitic  in  cattle  should 
be  called  Babesia  bigemina. 
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cleata,  and  he  considers  it  an  important  form  for  showing  the  rela- 
tionship of  the  endocellular  blood  parasites  to  the  flagellates. 
Schaudinn,  in  1904,  was  the  first  to  call  attention  to  the  occurrence 
of  nuclear  dimorphism  in  P,  cards  and  bovis  and  Liihe,  Nuttall  and 
Graham  Smith,  and  others  have  confirmed  this  observation.  The 
second  nuclear  mass  is  generally  in  the  form  of  a  small  granule 
similar  to  the  blepharoplast  of  the  fla^Uates. 

Morphology  of  the  Parasite  (Plate  II.,  Fig.  14). — ^In  the  exami- 
nation under  1000  diameters  of  fresh  blood  of  sick  cattle,  according 
to  Smith  and  Kilbome,  are  seen,  in  the  red  blood  cells,  double  pear- 
shaped  forms  and  single  rounded  or  more  or  less  irregular  forms. 
The  size  varies,  though  generally  it  is  the  same  among  the  bodies 
in  the  same  red  blood  cell.  The  average  size  is  2/*  to  4ft  long  and 
1|/*  to  2/A  wide.  The  pointed  ends  of  the  double  form  are  in 
apposition  and  generally  touch,  though  in  unstained  specimens  a 
connection  between  them  cannot  be  seen.  The  axis  forms  either  a 
straight  line  or  an  angle.  The  protoplasm  has  a  pale,  non-granular 
appearance,  and  is  sharply  separated  from  the  protoplasm  of  the 
including  red  blood  cell.  The  small  forms  are  generally  fully  homo- 
geneous, whereas  the  larger  ones  often  contain  in  the  rounded  ends 
a  large  rounded  body,  0.1/*  to  0.2ft  in  size,  which  is  very  glistening 
and  takes  a  darker  stain.  Within  the  largest  forms  in  the  centre 
of  the  thick  end  is  a  large  round  or  oval  body,  0.6ft  to  1ft,  which 
sometimes  shows  ameboid  motions.  Piana  and  Galli-Valerio  (1895 
and  1896)  and  other  observers  have  since  described  definite  ameboid 
motion.  The  parasites  take  most  basic  aniline  stains  well.  The 
Romanowsky  method  or  its  modifications  gives  the  best  results. 

Ziemann  showed  by  the  Romanowsky  method  that  the  parasite 
contained  chromatin  staining  material  situated  at  or  near  its  peri- 
phery. 

Koesel  and  Weber,  who  studied  the  parasite  found  in  hsemoglob- 
inuria  of  cattle  in  Finland,  give  the  following  description  of  the 
specimens  stained  according  to  Romanowsky: 

"  The  smallest  forms  appear  as  tiny  rings,  about  one-sixth  the 
diameter  of  the  red  blood  cell.  The  rim  of  the  ring  takes  the  red 
stain,  while  the  rest  appears  blue.  Forms  a  little  larger  are  irregular 
in  outline  and  already  show  an  arrangement  of  the  chromatin  into 
two  parts,  which  are  more  distinct  in  larger  parasites  and  which 
finally  become  separated  into  four  parts.  In  the  large,  double,  pear- 
shaped  parasites  the  chromatin  is  generally  situated  at  the  poles, 
more  rarely  near  the  middle." 

The  motion  of  the  whole  parasite  on  the  warm  stage  is  not  pro- 
duced by  the  formation  of  distinct  pseudopodia  but  by  a  constant 
change  of  the  boundary.  The  changes  can  succeed  each  other  so 
quickly  that  it  is  scarcely  possible  to  follow  them  with  the  eye.  The 
motion  may  persist  for  hours.  The  single  ones  show  motion,  while 
the  double  ones  remain  unchanged. 

The  number  of  red  cells  infected  is  about  1  per  cent,  of  the  whole. 
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If  the  number  increases  to  5  per  cent  or  10  per  cent  it  generally 
means  the  death  of  the  animal.  The  parasites  quickly  disappear 
from  the  blood  after  the  disappearance  of  the  fever.  In  fatal  cases 
many  parasites  are  found  in  the  red  blood  cells  of  the  internal  organs. 
They  vary  in  number  according  to  the  stage  at  whidi  death  occurs, 
are  most  abundant  in  the  kidneys  (50  to  80  per  cent  of  all  red  cor- 
puscles infected),  and  are  found  in  fewer  numbers  in  the  liver, 
spleen,  and  other  internal  organs. 

R.  Koch  has  described  a  bacillar  form  which  he  found  in  large 
numbers  in  red  blood  cells  of  acute  fatal  cases  in  East  Africa.  Be- 
tween these  and  the  pear-shaped  forms  he  found  all  grades.  This 
variety  is  probably  a  distinct  species. 

Smith  and  Kilbome  showed  that  the  infection  is  caused  by  the 
larvffi  of  a  species  of  tick,  Boophilus  bovis  Curtis  (Rhipicephalus 
annidatus)y  and  Kossel  gives  Ixodes  redivius  as  the  tick  causing 
transmission  of  the  germ  in  the  hjemoglobinuria  of  Finland  cattle. 

The  ticks  feeding  upon  the  blood  of  cattle  and  other  mammals 
become  sexually  mature  at  their  last  moult  They  then  pair,  and 
the  fertilized  females,  after  gorging  themselves  with  the  blood  of 
their  host,  drop  to  the  ground.  Each  female  then  lays  about  2000 
e^s,  and  within  the  shell  of  each  egg  a  large  quantity  of  blood  is 
deposited  to  serve  as  food  for  the  developing  embryo.  The  female 
then  shrivels  up,  becoming  a  lifeless  skin.  The  newly  hatdied 
larva;  containing  in  their  abdomens  some  of  the  mother-blood,  crawl 
about  until  they  either  die  from  starvation,  or  have  the  opportunity 
of  passing  to  the  skin  of  a  fresh  host  If  the  mother-tick  has  drawn 
its  supply  of  blood  from  cattle  infected  with  piroplasma,  her  larvae 
are  bom  infected  with  the  parasite,  and  become  the  means  of  dis- 
seminating the  disease  further.  This  mode  of  dissemination  ex- 
plains the  long  incubation  period  of  the  disease  (forty-five  to  sixty 
days — thirty  days  for  the  development  of  the  larva?  and  the  remainder 
for  the  development  of  the  parasite  within  the  host).  It  is  possible 
that  the  tick  embryo  acquires  the  infection  secondarily  from  the 
blood  it  absorbs  in  the  egg,  and  that  the  parasites  do  not  pass  through 
the  ovum  itself  as  in  Nosema  horribycis. 

So  far  it  has  not  been  possible  experimentally  to  inoculate  animals 
other  than  cattle  with  these  parasites.  Calves  withstand  the  infec- 
tion better  than  older  animals  and  a  certain  d^ree  of  immunity  is 
reached  in  some  of  the  older  cattle  in  infected  districts.  The  piro- 
plasmata  taken  in  by  sudi  animals  may  remain  as  harmless  parasites 
for  some  time.  If,  however,  such  cattle  are  weakened  from  any 
cause,  their  resistance  to  the  organism  may  be  lowered  and  they 
may  therefore  pass  through  a  more  or  less  severe  attadt  of  the 
disease. 

Symptoms  of  the  Disease. — Fever  (40^  to  42^  0.)^  anorexia,  weakness, 
increased  pulse  and  respiration,  decreased  secretion  of  milk,  hsBmoglobinnria 
at  the  height  of  the  fever,  causing  the  urine  to  appear  dark  red  like  port  wine 
or  darker.    The  urine  may  contain  albumin  even  if  the  baemoglobinuria  is 
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absent,  but  tbere  are  no  red  blood  cells  present,  the  color  being  due  to  the 
coloring  matter  only.  There  is  icterus  of  the  mucous  membrane  if  much 
blood  is  destroyed. 

The  prognosis  varies  in  different  epidemics  from  20  to  60  per  cent.  Death 
may  occur  in  three  to  five  days  after  first  symptoms  appear.  Recovery  is 
indicated  by  a  gradual  fall  of  the  fever. 

The  only  treatment  from  which  any  results  have  been  obtained  is  quinine 
in  large  doses.    This  seems  to  have  helped  in  some  epidemics. 

Prophylaxis. — Stalled  cattle  are  not  infected,  but  it  is  impractic- 
able to  keep  large  herds  of  cattle  stalled.  If  the  cattle  are  kept  from 
infected  fields  for  one  or  two  years  and  other  animals  (horses  and 
mules)  are  allowed  to  feed  tiiere  the  ticks  may  disappear.  The 
burning  of  the  field  for  one  season  may  have  a  good  effect  If  ani- 
mals cannot  be  taken  from  infected  fields  such  fields  should  be  en- 
closed. 

Ticks  on  animals  may  be  killed  by  allowing  the  cattle  to  pass 
through  an  oil  bath  (paraffin,  cottonseed  oil,  etc.),  whereupon  the 
ticks  die  from  suffocation.  The  bath  should  be  repeated  after  a 
week  in  order  to  kill  any  larvae  which  may  have  developed.  All 
animals  sent  from  infected  regions  should  receive  this  treatment. 
Animals  apparently  healthy  before  the  treatment,  after  the  disturb- 
ing influence  of  the  bath  often  develop  the  disease  in  an  acute  form 
and  die. 

Certain  birds  in  Australia  seem  to  feed  on  the  ticks,  therefore  such 
birds  might  be  propagated. 

Various  attempts  have  been  made  to  give  protection  by  the  inocu- 
lation of  fresh  (not  older  than  two  to  three  days)  blood  from  slightly 
infected  animals.  Some  partial  results  have  been  reported,  especially 
when  the  inoculations  were  made  during  the  cold  months.  In  Aus- 
tralia, the  inoculation  of  defibrinated  blood  from  animals  which  have 
just  recovered  from  the  infection,  but  whose  blood  still  contains  some 
parasites,  has  been  tried.  So  far  no  absolute  protection  has  been 
produced,  neither  does  the  parasite-free  serum  of  animals  which  have 
entirely  recovered  from  the  disease  seem  to  contain  protective 
qualities. 

Blood  Organisms,  similar  to  those  described  in  the  hsemoglobinuria 
of  cattle,  have  been  found  in  cases  of  red  water  fever  of  cattle  in  Eng- 
land. They  also  occur  in  monkeys,  dogs,  sheep,  horses,  and  pigeons. 
Nocard  and  Motas,  who  have  made  an  extensive  study  of  these  para- 
sites in  the  malignant  jaundice  (hsemc^lobinuria,  malaria  or  biliary 
fever)  of  dogs,  state  that  though  the  parasites  are  morphologically 
similar  to  those  infecting  cattle,  yet  it  is  impossible  to  infect  cattle 
or  any  other  animal  tried  with  them.  They  must  therefore  be  con- 
sidered a  physiologic  variety. 

Nuttall  and  Graham-Smith  have  recently  completed  a  series  of  articles  in 
which  they  have  reported  a  minute  study  of  canine  piroplasmosis,  and  they 
have  drawn  the  following  conclusions  in  regard  to  that  part  of  the  life  cycle 
of  PiropUisma  cants  (Babesia  canis)  which  is  passed  within  the  blood  of  the 
dog.    "  A  free  pyriform  parasite  enters  a  normal  red  blood  corpuscle  and 
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rapidly  assumes  a  rounded  form.  It  then  enlarges  and  passes  through  an 
actively  ameboid  stage,  at  the  end  of  which  it  again  becomes  rounded.  After 
a  short  period  of  quiescence  in  this  condition  it  protrudes  two  symmetrical 
processes  which  rapidly  grow  and  become  pear-shaped.  The  proto- 
plasm of  the  parasite  flows  into  these  processes  and  its  body  consequently 
gradually  diminishes  until  it  is  represented  by  a  minute  rounded  mass  to 
which  the  pyriform  processes  are  attached.  Eventually  this  also  disappears, 
and  finally  two  mature  pyriform  parasites  are  left,  which  are  joined  together 
for  a  time  by  a  thin  strand  of  protoplasm.  After  a  variable  time  these  para- 
sites are  liberated  by  the  rupture  of  the  corpuscle,  and  swim  away  to  enter 
fresh  corpuscles  and  repeat  the  process.  Occasionally  a  single  rounded  intra- 
corpuscular  parasite  by  the  protrusion  of  several  processes,  such  as  have  just 
been  described,  gives  rise  to  four  or  more  mature  parasites,  or  a  single  para- 
site divides  into  two  small  rounded  parasites,  each  of  which  produces  two 
pyriform  parasites. 

"Under  experimental  conditions  all  parasites,  which  are  liberated  by  the 
rupture  of  the  corpuscles  containing  them  before  they  have  reached  the  ma- 
ture pyriform  stage,,  and  all  mature  pyriform  parasites  which  fail  quickly 
to  enter  fresh  corpuscles,  disintegrate  and  die."  The  nuclear  changes  ac- 
companying this  development,  which  they  observed  in  stained  smears  are 
summarized  by  them  as  follows :  "  The  free  pyriform  parasites  possess  a 
mass  of  dense  chromatin  near  their  pointed  extremity  and  a  secondary  mass 
of  loose  chromatin  extending  towards  the  blunt  end,  which  may  be  arranged 
in  various  ways.  When  the  parasite  becomes  rounded  within  a  corpuscle 
the  original  arrangement  of  chromatin  is  retained  for  a  time.  Gradually  the 
two  masses  become  approximated  and  either  before  or  during  the  ameboid 
stage  become  fused  into  a  single  dense  mass.  This  mass  later  divides  but  the 
resulting  masses  remain  united  by  a  thin  strand  of  chromatin.  Just  before 
the  protrusion  of  the  symmetrical  processes,  one  of  the  latter  masses  again 
divides  in  such  a  manner  that  a  peculiar  Y-shaped  chromatin  figure  is  formed. 
...  At  a  later  stage  in  the  division  of  the  parasite  the  main  mass  of 
chromatin  also  divides  and  a  portion  passes  into  each  process,  ultimately 
giving  rise  to  the  dense  mass  in  the  mature  pyriform  parasite.  The  smaller 
mass  and  the  connecting  strands  give  rise  to  the  secondary  mass."  They  ob- 
served no  forms  which  could  be  regarded  as  gametes. 

Christopher  has  described  probable  sexual  stages  of  development  in  the 
tick  R,  sanguineus,  so  that  he  has  drawn  a  complete  life  cycle  of  the 
organism. 

Piroplasmata  in  Human  Beings. — ^Wilson  and  Chowning  reported 
the  infection  of  man  by  an  organism  similar  to  the  Piropldsnia 
bigeminum.  The  cases  in  which  they  state  that  they  found  the 
organism  were  those  of  "  spotted  fever  "  ("  black  fever/'  "  blue 
disease  ")  in  Montana. 

According  to  these  investigators  the  first  case  of  this  fever  occurred  in  this 
vicinity  in  1873.  Since  then  probably  200  cases  of  the  severe  type  have 
occurred,  with  a  mortality  of  70  to  80  per  cent.  The  disease  occurs  chiefly 
in  the  spring.  The  symptoms  are  chill;  pains  in  joints;  constipation;  fever 
with  morning  remissions  reaching  103°  to  104°  on  the. second  day  of  appear- 
ance and  a  maximum  of  105°  to  107°  in  five  to  seven  days,  diminishing  at 
the  end  of  the  second  week,  and  normal  two  to  four  weeks  later;  purpuric 
eruption  over  the  entire  body,  appearing  from  the  second  to  the  fifth  day  after 
the  chill  and  reaching  a  maximum  in  one  to  two  days ;  slight  jaundice ;  muttering 
delirium  just  before  death;  pulse  and  respiration  very  rapid;  urine  slightly 
albuminous,  with  granular  and  blood  casts.  The  authors  studied  23  cases 
during  1902  and  1903,  and  in  all  of  these  they  say  that  they  found  the 
organism,  within  the  red  blood  cells  in  most  instances,  but  sometimes  between 
the  cells,  few  in  number  in  some  of  the  cases,  many  in  the  others.    The  time 
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of  the  appearance  of  the  organism  daring  the  course  of  the  disease  has  not 
been  determined.  The  authors  describe  the  organism  as  varying  somewhat  in 
size,  form,  and  staining  reaction.  In  general,  they  state,  it  closely  resembles 
the  Piroplasma  bigeminum. 

Inoculation  experiments,  according  to  these  authors,  show  rabbits  to  be 
slightly  susceptible,  inasmuch  as  the  organisms  cause  slight  fever  and  remain 
for  a  long  time  in  the  blood  without  apparent  barm. 

The  mode  of  infection,  the  authors  think,  is  probably  through  the  bite  of 
ticks,  members  of  the  genus  Dernuicentor. 

The  question  of  a  satisfactory  demonstration  of  the  bodies  reported  by 
Wilson  and  Chowning  is  still  uncorroborated.  That  the  blood  from  cases  of 
"  Rocky  Mountain  spotted  fever,''  however,  is  infectious  and  produces  definite 
clinical  symptoms  in  monkeys,  guinea-pigs  and  rabbits  is  evident  from  the 
recent  work  of  Ricketts  and  Gomez,  who  have  made  interesting  experiments 
on  immunity  in  this  disease.  Their  conclusions  are  that  in  guinea-pigs  and 
monkeys  an  attack  of  spotted  fever  produces  a  strong  active  inherited  im- 
munity characterized  by  a  serum  with  high  protective  but  low  curative  power, 
and  that  the  production  of  the  serum  in  the  horse  with  the  use  ox  sero- 
vaccination  in  man  may  give  practical  results. 
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LEISHMANIA  (LEXSHMAN-JDONOVAK  BODIES). 

Certain  fevers  of  severe  malarial-like  types  known  in  different 
sections  of  the  tropics  by  different  names  (dum-dum  fever,  cadiexial 
malaria,  kala-azar)  have  recently  been  shown  to  be  due  to  the  same 
cause  by  the  finding  of  similar  protozoan-like  bodies  in  the  lesions. 
These  bodies  were  first  minutely  described  by  Leishman  in  1900  as 
being  present  in  certain  cells  in  the  spleen  of  cases  called  by  him 
dum-dum  fever  occurring  in  India.  In  1903  Donovan  described 
similar  bodies  in  cases  of  what  he  called  malarial  cachexia.  The 
bodies  were  first  called  the  Leishman-Donovan  bodies,  but  since  they 
have  been  more  fully  studied  they  have  been  given  a  definite  syste- 
matic position  with  the  name  suggested  by  Boss,  Leishmania  dorwvawL 
They  have  since  been  found  in  different  parts  of  India,  in  China, 
Tunis,  Algiers,  Arabia,  and  Egypt,  and  recently  Wright  has  reported 
in  a  case  of  Delhi  boil  from  Armenia,  bodies  which,  according  to  his 
excellent  photographs  and  description,  must  be  identical  with  or  very 
closely  related  to  Leishman's  bodies. 

The  bodies  have  been  found  in  large  endothelioid  cells  in  the 
spleen,  liver,  mesenteric  glands,  bone-marrow,  kidney,  lungs^  testes, 
36 
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skin,  ulcers  in  intestines,  and  occasionally  a  very  few  have  been 
found  in  the  perijrfieral  blood.  Recently  Donovan  and  Patton  have 
found  them  in  the  peripheral  blood  mainly  in  the  polynuclear  leuco- 
cytes in  a  large  percentage  of  specially  selected  advanced  cases. 

The  symptoms,  in  the  cases  of  general  infection  are:  (1)  very  much  en- 
larged spleen  and  less  enlarged  liver;  (2)  progressive  anemia  with  peculiar 
earthy  pallor  of  skin,  progressive  emaciation,  and  muscular  atrophy;  (3) 
long-continued,  irregularly  remittent  and  intermittent  fever  (97**  to  104°); 
(4)  hemorrhages,  such  as  epistaxis,  bleeding  from  gums  into  subcutaneous 
tissue,  producing  purpuric  eruption;  (5)  transitory  cedemas  of  various 
regions.  There  are  often  complications  such  as  congestion  of  lungs,  dysen- 
tery, and  cancrum  oris.  The  blood  count  shows  practically  no  loss  of  hemo- 
globin, but  there  is  a  decrease  in  the  leukocytes,  principally  polynuclears, 
giving  a  relative  increase  of  mononuclears. 

Negative  points  which  help  in  the  diagnosis  are:  absence  of  malaria,  no 
typhoid  or  Malta  fever  reaction,  resistance  to  medication,  quinine,  as  a  rule, 
having  no  effect,  though  in  early  cases,  and  with  large  continued  doses  a  few 
good  results  have  been  reported.  Splenic  puncture  with  the  finding  of  Leish- 
man-Donovan  bodies  makes  the  diagnosis  certain. 

The  duration  of  the  disease  is  from  a  few  months  to  several  years.  The 
percentage  of  deaths  is  great;  in  some  forms  of  the  disease,  at  the  height  of 
an  epidemic,  it  may  reach  98  per  cent. 

Morphology. — The  bodies  are  circular  to  elliptical  in  shape,  from 
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Protozoa  in  a  case  of  tropical  alcer.  Smear  preparation  from  the  lesion  stained  with 
Wright's  Romanowslcy  blood-staining  fluid.  The  ring-lilce  bodies  with  white  central 
portions  and  containing  a  larger  and  a  smaller  dark  mass  are  the  mIcroSrganlsms. 
The  dark  masses  in  the  bodies  are  stained  a  lilac  color,  while  the  peripheral  portions 
of  the  bodies  in  typical  instances  are  stained  a  pale  robin's-«gg  bine.  The  reinr  large 
dark  masses  are  nuclei  of  cells  of  the  lesion,     x  1500  approximately.     (After  Wright) 

2/i  to  4/A  in  diameter,  and  contain  a  double  nucleus,  a  large  oval  one 
at  one  part  of  the  periphery  and  a  small  circular  or  rod-shaped  one 
near  or  at  the  opposite  part  of  the  periphery.     This  smaller  body 
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stains  more  intensely  than  the  larger  one,  while  the  cytoplasm  of  the 
parasite  stains  very  dimly,  sometimes  showing  only  a  faint  periph- 
eral rim.  Any  nuclear  and  cytoplasmic  staining  methods  will 
bring  out  these  points  in  Zenker  fixed  material.  Smears  stain  well 
by  Wright  or  the  Nocht-Romanowsky  method.  The  large  cells 
containing  the  parasites  are  supposed  by  Christoj^ers  to  be  the 
endothelial  cells  from  the  finest  capillaries.  Donovan  states  that  he 
found  small  forms  in  the  red  blood  cells  in  the  peripheral  circulation 
when  the  temperature  was  above  103°,  and  his  observations  were 
confirmed  by  Laveran  and  Mesnil,  who  believe  the  organism  to  be  a 
piroplasma..  Leishman,  Mardiand,  Rogers  And  others,  however, 
thought  the  bodies  one  stage  in  the  life  cycle  of  a  flagellate,  possibly 
a  trypanosome,  and  Rogers  has  proved  that  this  is  the  correct  view 
by  growing  abundant  pure  cultures  of  the  bodies  in  a  slightjy  acid 
citrated  blood  medium  at  20°-22°  C.  Rogers  thinks  the  organism 
closely  related  to  the  Herpetomonas  flagellates  but  they  are  distinct 
enough  from  this  genus  to  be  given  a  new  generic  name,  hence  the  one 
suggested  by  Ross — Leishmania  donovani — should  be  used. 

Rogers  and  Patton  have  shown  that  the  bedbug  transmits  the  dis- 
ease, and  Patton  has  demonstrated  the  development  of  the  organism 
up  to  the  fully  flagellated  stage  in  the  gut  of  this  insect  Segregation 
and  perfect  deanliness,  especially  in  regard  to  bedbugs,  are  recom- 
mended as  the  best  means  of  eradicating  the  disease. 
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CHAPTER   XLn. 
TRYPANOSOMA. 

Introduction. — The  name  Trypanosoma  was  given  by  Gruby  in 
1843  to  certain  flagellata  found  in  frog's  blood,  and  was  accepted 
by  Lewis  in  1880  for  the  flagellates  which  he  found  in  the  blood 
of  rats.  Doflein  (1901)  put  these  similar  parasites  {Herpetomo- 
nas  and  Trypcmomonas)  in  the  family  Trypanosomidae.  To  this 
family  Laveran  and  Mesnil  (1901)  added  the  genus  Trypanoplasma 
(flagellates  with  undulating  membrane  and  posterior  as  well  as 
anterior  flagellum,  found  in  the  blood  of  certain  fish). 

Gteneral  Characteristics  of  the  Gtenns. — ^The  genus  Trypanosoma 
includes  blood  parasites  of  the  vertebrates  distinguished  by  a  some- 
what long  body  more  or  less  spirally  twisted,  an  undulating  mem- 
brane along  one  side,  the  free  end  of  which  is  directed  forward  as  a 
flagellum,  one  nucleus,  and  a  "  flagellum  root."  The  flagellum  is 
directed  forward,  arising  from  a  small,  more  or  less  rounded  struc- 
ture, tiie  "flagellum  root"  (blepharoplast),  situated  near  the  pos- 
terior end  of  the  organism.  The  nature  of  the  "flagellum  root" 
is  still  a  matter  of  controversy.  Some  consider  it  of  the  nature  of 
a  oentrosome,  others,  of  that  of  a  micro-nucleus.  Schaudinn  calls 
it  the  locomotor  nucleus,  and  says  it  produces  undulatory  membrane 
and  flagellum. 

The  nucleus  is  situated  anteriorly ;  it  is  granular,  thick,  and  egg- 
shaped,  but  varies  somewhat  in  size  and  shape.  The  cytoplasm  is 
homogeneous  or  granular,  varying  with  age,  environment,  and 
possibly  species.  The  life  cycle  is  not  well  known.  Multiplication 
occurs  through  single  longitudinal  division  and  through  multiple 
division;  MacNeal  states  that  the  former  division  is  not  exactly 
longitudinal,  but  always  more  or  less  oblique  in  direction,  and  that 
the  flagellum  does  not  divide,  but  a  new  one  is  formed  in  each  divi- 
sion. Conjugation  has  been  reported  in  Trypwnosoma  Brucei  by 
Plimmer  and  Bradford. 

Only  a  few  of  the  many  species  of  trypanosomes  described  are 
pathogenic,  and  these  principally  for  the  lower  animals,  though  re- 
cently the  organisms  have  several  times  been  seen  in  human  beings, 
accompanied  or  not  by  pathologic  changes.  Very  recently  it  has 
been  shown  by  Castellani  and  others  that  sleeping  sickness  is  caused 
by  a  trypanosome. 

Trypanosoma  Lewisi  (Kent). — The  first  species  of  trypanosomes 
studied  with  any  degree  of  fulness  is  the  comparatively  non-patho- 
genic Trypanosoma  Lewisi,  It  is  of  interest  because  of  its  similarity 
to  the  more  pathogenic  fonn3  And  because  of  the  ease  with  whidi  it 
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may  be  studied.  It  is  parasitic  in  the  blood  of  about  25  per  cent 
of  wild  rats  in  almost  all  parts  of  the  world.  It  is  found  less  fre- 
quently in  tame  rats,  especially  in  the  white  variety.     It  occasionally 
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Trypanosoma  Lciciai  (Kent).     From  the  blood  of  a  rat.     (Kempner  and  RabinowitsdL) 

produces  sickness  and  death  and  even  small  epidemics,  but  generally 
it  is  found  in  apparently  healthy  ani^lals  and  in  lai^st  numbers  soon 
after  infection.  A  morphologically  similar  trypanosome  is  found  in 
hamsters,  but  as  neither  variety  will  grow  in  the  blood  of  the  other 
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Agglutination  of  Trypanosoma  Letcisi.     (Laveran  and  Meant  1.) 
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they  must  be  regarded  as  jAysiologie  varieties.  Trypanosomes  an- 
alogous to  the  T,  Lewisi  have  also  been  found  in  the  blood  of  the 
field-mouse,  rabbity  guinea-pig,  ground  squirrel  and  mole. 

Historical  Note. — These  flagellata  were  probably  first  seen  in  the  blood  of 
the  rat  in  1845,  but  they  were  not  well  described  xmtil  1879,  when  Lewis 
studied  them  more  fully.  Since  then  they  have  been  studied  by  many  ob- 
servers, especially  by  Kempner  and  Rabinowitsch,  Wasielewski  and  Senn, 
Jiirgens,  Laveran  and  Mesnil,  and  Novy  and  MacNeal. 

Morphology. — Their  length,  including  the  flagellum,  is  from  8/* 
to  30/A,  their  breadth  1.5/*  to  3fi.  The  body  is  lance-shaped  and  shows 
a  protoplasm  finely  granular  in  the  young  form,  more  coarsely  so  as 
age  increases.  The  posterior  end  is  said  to  be  thinner  and  more 
pointed  than  in  other  species,  but  as  more  studies  are  made  of  the 
diflFerent  species  this  morphologic  difference  is  not  so  marked.  The 
single  flagellum  is  almost  as  long  as  the  body  and  arises  from  the 
posterior  third  of  the  organism  in  or  near  a  small,  more  or  less  oval 
body,  the  flagellimi  root  (centrosome,  micronucleus,  blepharoblast, 
motor  nucleus),  which  during  division  often  divides  first  The 
flagellum  continues  forward  as  the  thickened  edge  of  the  undulating 
membrane,  becoming  free  at  the  anterior  end  of  the  body.  The 
large,  oval,  densely  reticular  nucleus  lies  generally  in  the  anterior 
third  of  the  body.  No  contractile  vacuoles  have  been  observed, 
though  occasionally  food  vacuoles  are  seen.  (Fig.  1,  Plate  IL, 
Giemsa's  stain.) 

Motility.  — The  parasite  is  very  motile,  probably  more  so  than  any 
other  variety.  The  first  thing  noticed  on  examining  a  fresh  hanging 
drop  of  blood  at  a  magnification  of  100  to  300  diameters  is  active 
movement  of  the  red  blood  corpuscles  in  certain  areas,  and  on  care- 
fully focusing  over  one  of  these  areas  the  rapidly  wriggling  worm- 
like organism  may  be  seen.  As  the  movements  become  slower,  tlie 
flagellum  may  be  seen  swaying  from  side  to  side  and  the  wave-like 
movements  of  the  undulating  membrane  are  quite  discernible.  Its 
motility  soon  ceases  outside  of  the  body,  continuing  longer  in  the  ice- 
box than  at  higher  temperatures.  Also  unless  kept  at  low  tempera- 
tures the  organism  dies  very  quickly.  It  is  rather  diagnostic  of  it 
that  at  ice-box  temperature  it  lives  longer  than  any  other  variety 
of  trypanosome  studied.  Long  after  the  organisms  have  lost  their 
motility  and  ability  to  stain  well,  and  even  after  they  seem  to  have 
broken  up  completely,  the  blood  containing  them  is  still  infectious 
for  rats.  In  this  connection  it  is  interesting  to  note  that  the  blood 
of  infected  animals  in  which  no  trypanosoma  can  be  demonstrated 
may  be  infectious  for  fresh  animals. 

Beproduction. — Two  methods  of  multiplication  have  been  de- 
scribed, a  longitudinal  and  a  multiple  division.  In  the  former 
the  trypanosome  becomes  longer  and  much  broader,  the  blepharo- 
blast and  nucleus  increase  in  size  and  the  base  of  the  flagellum  be- 
comes thicker.     The  blepharoblast  approaches  the  nucleus  and  di- 
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1.  Trypanopoma  Lewiai  (Giemsa  stain).  2.  Spirocheta  balbianii  (Oiemsa  stain).  3.  Spirooheta  from 
mouth:  o,  Spirocheta  buccalis;  6,  middle  form;  c,  Spirocheta  dentium  (Giemsa  stain).  4.  Spirocheta 
dentium,  pure  culture  (Giemsa  stain).  5.  Spirochetie  with  Vincent's  fusiform  bacillus  (Giemsa  stain). 
6.  Spirocheta  pallida  from  ulcus  durum  (Giemsa  stain).  7.  Spirocheta  pallida,  from  liver  section, 
Levaditi  method.  8.  Spirocheta  gallinarum  (Giemsa  stain).  9.  Spirocheta  from  esophagus  carcinoma 
(Giemsa  stain).  10.  Spirocheta  (?)  or  Spirilla  (?)  in  mouse  blood  (Giemsa  stain).  1 1.  Spirocheta  from 
lung  gangrene  (Giemsa  stain).  12.  E<«tivo-autumnal  parasite:  a,  ring  form;  6,  macroganietocyte. 
13.  Quartan  parasite:  «,  half-grown  organism;  6,  full-grown  organism.  14.  Prioplasma  bigeminum, 
showing  various  stages  in  division  within  red  blood  cell. 
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vides.  Its  division  is  immediately  followed  by  that  of  the  nudeus 
and  base  of  the  flagellum  and  finally  the  whole  organism  splits  from 
behind  forwards. 

In  the  second  method  the  organism  assumes  an  ovoid  or  spherical 
shape,  and  2,  4,  8,  or  16  nuclei  and  blepharoblasts  are  formed  with  a 
short  flagellum  extending  from  each  blepharoblast  The  margins  of 
the  cytoplasm  then  become  toothed  and  finally  the  spherical  body 
is  divided  into  s^ments,  in  numbers  corresponding  to  the  number 
of  nuclei,  thus  forming  a  rosette-shaped  body.  The  further  develop- 
ment of  T.  Lewisi  according  to  v.  Prowazek  takes  place  in  the  rat 
louse  (Hcematopinus  spinvlosus).  This  author  has  described  the 
formation  of  the  gametes  and  their  conjugation  and  further  develop- 
ment in  the  intestinal  tract  of  this  blood  biting  insect  His  work 
has  not  yet  been  corroborated. 

TmnniTilzation. — ^Kempner  and  Rabinowitsch  have  succeeded  in 
producing  active  and  passive  immunity.  The  blood  of  immunized 
animals  causes  agglutination  of  the  trypanosomee  without  immobili- 
zation. In  this  agglutination  the  organisms  are  attached  by  their 
posterior  extremity  in  large  rosette-like  masses  (Fig.  159).  Accord- 
ing to  Laveran  and  Mesnil  the  serum  possesses  no  lytic  properties 
for  the  trypanosomes,  and  they  state  that  the  inoculation  of  such 
serum  intraperitoneally  with  active  trypanosomes  seems  simply  to 
cause  an  increased  power  of  the  phagocytes  over  them,  whereas  Mac- 
Neal  states  that  the  serum  does  possess  cytolytic  properties  for  the 
parasites. 

Oultivation. — Recently,  Novy  and  MacNeal  have  reported  the  arti- 
ficial cultivation  of  the  rat  trypanosome.  At  room  temperature 
they  have  grown  the  organism  through  eleven  culture  generations  in 
test-tubes  for  an  entire  year.  At  the  end  of  this  time  the  parasites 
were  as  virulent  as  at  the  beginning.  The  culture  medium  used  in 
their  work  was  ordinary  nutrient  agar  containing  variable  amounts 
of  fresh  defibrinated  or  laked  rabbit  or  rat  blood.  The  best  results 
were  obtained  with  a  mixture  of  two  parts  of  the  blood  to  one  of  agar, 
though  growth  was  obtained  on  dilutions  as  high  as  one  part  of  blood 
to  ten  of  agar.  At  room  temperature  the  growth  is  slower  but  surer 
than  in  the  thermostat  The  cultures  at  room  temperature  retain 
their  vitality  for  months;  thus  in  one  case  the  trypanosomes  were 
alive  after  three  hundred  and  six  days.  These  results  have  been 
corroborated  by  many  investigators. 

TBTPANOSOMA  EVANSI  (STEEL). 

The  next  trypanosome  of  importance  studied,  and  the  first  of  the 
more  pathogenic  trypanosomes,  is  Trypanosoma  Evansi,  Steel.  This 
species  was  discovered  by  Evans  in  1880  in  the  blood  of  horses  suf- 
fering with  the  disease  known  as  surra,  in  India.  It  is  differentiated 
morphologically  from  the  Trypanosoma  Lewisi  by  a  larger  average 
length  and  smaller  average  width  (20fi  to  30fi  long  and  If*  to  2fi 
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wide).  It  differs  from  the  Trypanosoma  Brucei  in  having  a  more 
pointed  posterior  end  and  in  being  generally  thinner.  Many  authors 
consider  it  identical  with  the  latter  species,  but  Laveran  and  Mesnil 
have  proved  that  animals  immune  against  nagana  can  be  infected 
with  surra  and  vice  versa.  They  therefore  consider  them  separate 
species.  Lingard's  important  work  on  surra  in  1893  led,  in  a  way, 
to  all  the  subsequent  work  on  diseases  caused  by  trypanosomes. 

PathogenesiB. — In  general  the  descriptions  given  of  the  symptomatology 
of  trypanosomiasis  in  various  animals  show  a  great  similarity,  thoogh  there 
is  much  variation  in  individual  cases.  In  a  well-established  infection  the 
clinical  picture  according  to  Musgrave  and  Clegg  is  as  follows :  After  an  in- 
cubation period  which  varies  in  the  same  class  of  animals  and  in  those  of 
different  species,  as  well  as  with  the  conditions  of  infection,  and  during  which 
the  animal  remains  perfectly  well,  the  first  s3rmptom  to  be  noticed  is  a  rise  of 
temperature;  for  some  days  a  remittent  or  intermittent  fever  may  be  the 
only  evidence  of  illness.  Later  on  the  animal  becomes  somewhat  stupid ;  watery, 
catarrhal  discharges  from  the  nose  and  eyes  appear;  the  hair  becomes  rough- 
ened and  falls  out  in  places.  Finally  the  catarrhal  discharges  become  more 
profuse  and  the  secretions  more  tenacious  and  even  purulent;  marked  emacia- 
tion develops;  oedema  of  the  genitals  and  dependent  parts  appears;  a  stag- 
gering gait,  particularly  of  the  hind  parts,  comes  on,  and  is  followed  by 
death.  There  may  be  various  ecchymoses  and  skin  eruptions.  Parasites  are 
found  in  the  blood  more  or  less  regularly  after  the  appearance  of  the  fever. 

The  autopsy  generally  shows  anaemia,  an  enlarged  spleen  with  hyper- 
trophied  follicles,  more  or  less  gelatinous  material  in  the  adipose  tissue,  the 
liver  slightly  enlarged,  a  small  amount  of  serous  exudate  in  serous  cavities, 
oedematous  condition,  and  small  hemorrhages  in  various  tissues. 

The  duration  varies  from  a  few  days  to  many  months.  The  prognosis 
seems  to  be  influenced  to  a  certain  extent  by  the  species  of  host  It  is 
probably  always  fatal  in  horses.  Some  cattle  recover.  The  cause  of  death 
is  possibly  a  toxic  substance,  though  no  definite  toxin  has  been  isolated. 
Mechanicfd  disturbances  (emboli,  etc.)  also  probably  play  a  part  in  pro- 
ducing death. 

The  hosts  of  Trypanosoma  Evansi  are  horses,  mules,  cattle,  camels, 
elephants,  bulBFaloes,  and,  according  to  Musgrave  and  Cle^,  rats. 
After  experimental  inoculation  this  trypanosome  is  infectious  for 
dogs,  monkeys,  rabbits,  guinea-pigs,  mice,  and  cats.  Man  seems  to 
be  immune.  It  is  without  doubt  transmitted  from  animal  to  animal 
by  the  bites  of  insects  (flies  and  fleas). 

TBTPANOSOMA  BBUOEI  (PLIlOiEB  AND  BRADFORD). 

The  Trypanosoma  Brucei  (Plimmer  and  Bradford)  was  discovered 
by  Bruce  in  1894  in  the  blood  of  horses  and  cattle  suffering  from 
nagana  in  Zululand  and  other  parts  of  Africa.  Bruce  demonstrated 
that  the  contagion  was  caused  by  the  bites  of  a  fly,  the  Olossina  m^or- 
sitans  or  tsetse-fly.  Since  then  other  varieties  of  flies  also  have  been 
shown  to  spread  the  disease.  These  flies  bite  by  day  and  in  full 
moonlight  The  infectivity  of  the  insects  lasts  for  about  forty-eight 
hours  after  they  have  bitten  a  sick  animal.  Bruce  found  living 
trypanosomes  in  the  proboscides  of  the  flies  at  the  end  of  that  time. 
Up  to  one  hundred  and  eighteen  hours  they  were  found  in  the  flies' 
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stomachs,  but  after  one  hundred  and  forty  hours  the  stomachs  were 
empty  and  what  appeared  to  be  dead  parasites  were  found  in  the 
excreta.  No  development  in  the  fly  has  been  observed.  The  disease 
is  chronic  enough  in  some  animals  to  account  for  a  continuous  source 
of  infection.  The  natural  hosts  of  this  species  are  horses,  cattle, 
camels,  antelopes,  swine,  and  various  wild  animals.  According  to 
Laveran  and  Mesnil  all  mammifera  are  susceptible  to  Trypanosoma 
Brucei,  though  sheep  and  African  goats  seem  to  be  partial  exceptions. 
Men  and  birds  seem  to  be  immune.  Horses  and  dogs  are  especially 
susceptible.  The  incubation  time  in  natural  infection  is  not  more 
than  nine  days.  The  course  and  duration  are  irregular,  as  in  other 
trypanosomatic  diseases. 

The  characteristic  symptoms  are  fever,  oedematous  infiltration  of  various 
parts  of  the  body,  rapid  destruction  of  the  red  blood  cells,  extreme  weakness, 
and  the  presence  of  ^panosomes  in  the  blood. 

Novy  and  MacNeal  have  been  successful  also  in  cultivating  the 
Trypanosoma  Bracei  in  vitro,  though  it  is  much  more  exacting  in  its 
requirements  than  is  the  Trypanosoma  Lewisi.  The  same  methods 
are  used,  but  the  blood  dilution  must  not  be  less  than  two  parts  to 
one  of  nutrient  agar.  These  investigators  state  that  the  cultural 
characteristics  are  such  as  to  enable  perfect  differentiation  between 
the  two  trypanosomes.  For  in  their  cultures  the  Trypanosoma 
Bracei  has  characteristic  granules,  the  Trypanosoma  Lewisi  has 
none;  the  Trypanosoma  Brucei  shows  little  variation  in  size  (15fi  to 
I7fi  in  length),  the  Trypanosoma  Lewisi  varies  so  much  (1ft  to  60fi 
long)  that  there  are  forms  small  enough  to  pass  a  Berkefeld  filter; 
the  Trypanosoma  Brucei  has  a  slow,  wriggling  motion,  the  Trypano- 
soma Lewisi  moves  with  great  rapidity  and  in  an  almost  straight  line : 
and  finally  the  Trypanosoma  Brucei  forms  small,  irregular  colonies, 
while  the  Trypanosoma  Lewisi  forms  large  symmetrical  ones.  Nat- 
urally the  Trypanosoma  Brucei  has  a  more  rounded  or  truncated  pos- 
terior end  than  the  Trypanosoma  Lewisi,  its  nucleus  is  situated  nearer 
the  center,  and  its  undulating  membrane  has  a  longer  outer  edge  and 
consequently  more  numerous  folds.  Its  cytoplasm  stains  more 
deeply  and  generally  contains  more  granules.  Various  stages  of 
multiplication  (longitudinal  division)  may  be  met  with  in  the  blood. 
Its  average  length  is  26ft  to  27fi,  its  width  1.5fi  to  2.5ft. 

The  question  as  to  the  identity  of  the  Trypanosoma  Brunei  witli 
other  of  the  more  pathogenic  trypanosomes  has  not  yet  been  decided. 

So  far  it  has  not  been  possible  to  immunize  the  more  susceptible 
animals  against  this  species  of  trypanosome.  Sheep,  goats,  and 
cattle  are  less  susceptible  and  in  their  case  recovery  from  the  disease 
protects  against  subsequent  inoculation. 

Novy  and  MacNeal  state  that  the  older  cultures  of  Trypanosoma 
Brucei,  especially  those  exposed  to  a  temperature  of  34*^  C,  become 
less  virulent  and  eventually,  though  living,  fail  to  infect  animals. 
They  think  that  repeated  injections  of  these   attenuated  cultures 
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may  impart  immunity,  and  that  in  this  way  it  may  be  possible  to 
secure  protection  against  the  ravages  of  nagana. 

Other  Trypanosomes  in  the  Lower  AnimalB. — In  1896  Eouget 
discovered  a  trypanosome  in  the  blood  of  bleeding  equines  in  Algiers 
and  South  Africa  affected  by  the  disease  called  dourine.  Some  au- 
thors think  that  this  disease  is  identical  with  nagana  and  surra,  but 
the  fact  that  it  has  been  impossible  to  infect  cattle  with  the  blood  of 
the  sick  equine  points  to  its  being  a  distinct  disease.  Moreover,  the 
organism,  as  far  as  studied,  is  shorter  and  thinner  than  Trypano- 
soma Brucei,  and  its  cytoplasm  stains  more  uniformly,  but  less 
deeply,  than  the  other  pathogenic  trypanosomes,  in  this  way  re- 
sembling the  Trypanosoma  Leivisi.  This  organism  is  called  Try- 
panosoma equiperdum  or  Trypanosoma  Rougeti, 

Recently,  mal  de  caderas,  a  disease  of  horses,  asses  and  mules  in 
South  Africa,  having  the  general  characteristics  of  trypanosomiasis, 
has  been  shown  by  Voges  to  be  due  to  trypanosomes.  He  calls  this 
organism  Trypanosoma  equinum,  and  believes  it  to  be  a  distinct 
species,  resembling  more  closely  the  Trypanosoma  Letvisi.  He  con- 
siders cattle  immune. 

In  1902  Laveran  described  a  variety  of  trypanosome  found  by 
Theiler  to  produce  disease  in  ruminants  of  the  Transvaal.  Accord- 
ing to  Laveran  and  Mesnil  it  is  characterized  by  having  the  "  flagel- 
liun  root "  near  the  centre  of  the  parasite,  near  and  sometimes  united 
to  the  nucleus.  This  variety  has  been  named  Trypanosoma  Trans- 
vaaliense,  while  another  variety  found  by  Theiler  in  the  blood  of 
cattle  suffering  from  the  disease  called  galziekte  in  South  Africa, 
and  pronounced  by  Laveran  and  Mesnil  to  be  a  distinct  species,  prin- 
cipally on  account  of  its  large  size,  was  named  Trypanosoma  Theileri. 

Besides  those  found  in  the  animals  already  mentioned,  trypano- 
somes have  been  found  in  the  blood  of  apparently  normal  frogs,  fishes, 
birds,  bats  and  mosquitoes.  No  relationship  has  been  shown  to  exist 
between  these  non-pathogenic  forms  and  those  causing  disease  in  the 
higher  animals. 

Since  Schaudinn's  work  on  the  relationship  between  trypmno- 
somes  in  mosquitoes  and  certain  malarial-like  organisms  in  birds 
much  interest  has  been  excited  on  the  subject  Novy  and  his  co- 
workers have  published  the  most  extensive  report  on  the  trypano- 
some of  mosquitoes.  They  have  shown  by  morphologic  and  cul- 
tural studies  that  all  of  the  flagellates  found  in  the  digestive  tract  of 
the  common  mosquito  (Cidex  pipiens)  probably  belong  to  the  one 
genus  Trypanosoma  and  that,  as  these  are  foimd  with  comparative  fre- 
quency and  as  Sdiaudinn's  experiments  were  not  sufficiently  con- 
trolled to  exclude  their  presence,  his  inference,  that  the  flagellates  he 
found  in  the  mosquito  after  feeding  on  halteridum-infected  birds  are 
a  developmental  stage  in  the  life  history  of  the  bird  plasmodium,  is 
probably  wrong. 
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TBTPANOSOMA  IN  MAN  (TBTPANOSOMA  GAMBIENSE 
BUTTON). 

Man  was  thou^t  to  be  immune  to  trypanosomes  until  very  re- 
cently. Then  a  few  isolated  cases  of  infection  were  reported,  and 
afterwards  came  the  important  discovery  that  trypanosomes  were  the 
specific  cause  of  a  definite  disease  known  as  sleeping  sickness,  occur- 
ring chiefly  in  the  African  negro. 

Historical  Note. — In  1898  Nepvieu  reported  ha^4ng  found  trypanosomes  in 
the  blood  of  6  out  of  more  than  200  cases  examined  for  malarial  organisms. 
In  all  of  these  cases  malarial  organisms  too  were  found,  and  no  symptoms 
characteristic  of  the  invasion  of  trypanosomes  were  observed.  Nepvieu 
found  flagellates  in  the  seventh  case  which  was  apparently  in  good  health. 

The  eighth  case  is  reported  by  Button  in  1901.  This  case  was  a  European 
who  had  lived  some  years  in  West  Africa.  The  principal  symptoms  were 
gradual  wasting  and  weakness;  irregular  temperature,  never  very  high  and 
of  a  relapsing  type;  local  oedemas,  congested  areas  of  the  skin,  enlargement 
of  the  spleen,  and  constant  increased  frequency  of  pulse  and  respiration. 
It  ended  fatally  after  one  year  and  eight  months.  The  chronic  character 
was  repeated  in  animals.  Some  white  rats  were  refractory;  others  died  in 
two  to  three  months.  In  monkeys  (Mcicacus  rhestis)  it  was  fatal  in  about  two 
months.  Dop;s  were  unaffected.  This  trypanosome  is  distinctly  smaller  than 
species  described  in  lower  animals,  and  there  is  little  doubt  of  its  being  a  dis- 
tinct species.  Button  also  found  trypanosomes  in  the  blood  of  1  out  of  150 
apparently  healthy  Gambian  children  examined  by  him. 

The  tenth  case  is  published  by  Manson  in  1902.  This  was  a  missionary's 
wife  who  had  resided  on  the  Upper  Congo  for  a  year.  She  presented  the 
same  group  of  symptoms  as  Button's  case,  and  after  repeated  examinations 
trypanosomes  were  found  in  her  blood.  Manson  soon  after  published  a 
similar  case.  Broeden  has  published  2  more  cases,  and  recently  Baker  has 
reported  3  cases  among  human  beings. 

Of  these  16  cases  of  trypanosomiasis  in  man,  2  were  apparently  healthy 
persons,  6  had  malarial  fever  as  well,  and  8  were  such  as  showed  clinical 
symptoms  apparently  entirely  due  to  the  infection  with  trypanosomes. 

In  1904  Castellani  stated  that  the  cause  of  sleeping  sickness  of  the  n^^ro 
is  a  trypanosome.  He  found  trypanosomes  in  the  centrif ugalized  cerebro- 
spinal fluid  of  20  out  of  34  cases  of  this  disease.  His  work  has  been  cor- 
roborated by  Bruce,  Nabarro,  Greig  and  others.  Bruce  found  trypanosomes 
in  the  fluid  obtained  by  lumbar  puncture  in  all  of  the  38  cases  examined  and 
in  12  out  of  13  cases  in  the  blood.  The  trypanosomes  found  in  these  cases 
resemble  those  found  in  other  human  beings,  and  probably  belong  to  the 
same  species.  Laveran  and  Mesnil  recommend  the  names  Trypanosoma 
gamhiense  (Button)  for  the  parasite  and  human  trypanosomiasis  for  the 
disease. 

Description  of  the  Organism. — ^In  fresh  blood  preparations  the 
parasite  moves  about  so  rapidly  at  first  that  nothing  can  be  made  out 
in  regard  to  its  structure,  but  in  a  short  time  when  the  movements 
have  slowed,  it  will  be  seen  that  the  organism  is  somewhat  short  and 
thick  with  the  flagellum  directed  forward  and  the  posterior  end 
bluntly  conical.  The  cytoplasm  is  slightly  granular  with  a  vacuole 
near  the  posterior  end.  The  undulating  membrane  may  be  seen 
running  from  one  end  to  the  other  and  often  crossing  the  body.  The 
nucleus  does  not  show  distinctly.  Button  states  that  "  the  parasite 
is  usually  seen  progressing  with  the  flagellum,  or  anterior  end,  for- 
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ward,  but  at  times,  when  an  obstruction  is  unsurmountable,  it 
shoots  backwards  for  a  short  distance,  with  the  blunted  or  posterior 
end  forward.  Progression  is  brou^t  about  by  wave-like  motions 
started  in  the  flagellum  and  communicated  along  the  undulating 
membrane;  also  by  contractions  of  the  body  protoplasm.  The 
parasite,  in  rapid  motion,  moves  in  a  screw-like  mannei*,  its  body 
rotating  round  the  longitudinal  axis,  so  that  the  undulating  mem- 
brane appears  as  if  it  were  spirally  arranged  around  the  organism." 

In  preparations  stained  with  Giemsa's  stain  the  measurements 
of  the  organism  are  as  follows :  I7ft  to  25fi  long,  including  flagellum ; 
1.5ft  to  2/A  broad  at  level  of  nucleus;  distance  from  flagellimi  root  to 
tip  of  posterior  extremity  variable,  but  as  a  rule,  about  1.6fi;  dis- 
tance from  flagellum  root  to  center  of  nucleus  about  5.9/*.  The  free 
part  of  the  flagellum  is  about  one-third  of  the  whole  organism. 

The  flagellum  is  stained  a  brilliant  crimson  as  is  the  flagellum  root 
or  blepharoplast. 

The  undulating  membrane  is  very  faintly  colored  and  has  fewer 
undulations  than  most  trypanosomes.  The  cytoplasm  is  stained  an 
irregular  granular  blue.  The  large  oval  nucleus,  situated  at  about 
the  middle  of  the  body,  contains  a  collection  of  chromatin  granules 
which  take  a  deep  crimson  stain. 

Castellani  considered  the  position  of  the  vacuole  of  importance 
in  differentiating  the  organisms  discovered  by  him  in  sleeping  sick- 
ness, which  he  called  T.  regaudense  from  the  T,  gambiense.  He 
said  that  in  the  former,  the  blepharoplast  is  very  near  the  posterior 
extremity  and  is  situated  outside  the  vacuole,  while  in  the  latter  the 
blepharoplast  is  farther  from  the  posterior  extremity  and  is  inside 
the  vacuole.  Laveran  and  Mesnil,  however,  consider  the  vacuole  an 
artefact. 

Pathogenesis. — Sleeping  sickness,  or  human  trypanosomiasis,  is 
a  disease  of  the  negro,  endemic  in  certain  regions  of  equatorial 
Africa.  Neither  age  nor  sex  are  predisposing  factors,  but  occupa- 
tion and  social  position  seem  to  have  a  marked  influence,  the  great 
majority  of  cases  occurring  among  very  poor  field  workers.  As 
these  workers  are  all  negroes,  the  question  of  the  influence  of  race 
cannot  be  determined.  The  white  race,  however,  is  not  immune,  as 
has  been  shown  by  the  cases  quoted  above. 

In  places  where  most  of  the  cases  occur,  a  fly  belonging  to  the  spe- 
cies glossina  (Olos^na  palpalis)  is  very  abundant;  in  places  where 
this  fly  is  not  found  no  cases  occur.  Hence,  it  is  highly  probable  that, 
as  in  the  trypanosomiasis  of  the  lower  animals,  the  contagion  is  spread 
by  a  biting  insect  Sambon  and  others  maintain  that  Olossina  pdl- 
pedis  acts  as  a  true  alternative  and  not  merely  in  a  mechanical  way. 

Symptoms. — The  course  of  the  disease  is  very  insidious,  as  the  trypano- 
somes may  exist  in  the  blood  for  a  long  time  before  entering  and  growing 
in  the  cerebrospinal  fluid  and  causing  the  characteristic  symptoms  of  sleep- 
ing sickness.  Therefore,  the  symptoms  may  be  divided  into  two  stages.  In  the 
first  stage  there  is  only  an  irregular  fever.    In  the  second  stage  the  fever 
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becomes  hectic,  the  pulse  is  constantly  increased;  there  are  neuralgic  pains, 
partial  oedemas  and  eiythemas,  trembling  of  the  muscles,  gradually  increas- 
ing weakness,  emaciation,  and  lethargy.  The  somnolence  increases  until  a 
comatose  condition  is  developed  and  death  occurs.  In  the  second  stage  try- 
panosomes  are  always  found  in  the  cerebrospinal  fluid.  Throughout  the 
disease  they  are  usually  found  in  small  numbers  in  the  blood. 

Duration. — ^The  first  stage  may  last  for  several  years;  the  second,  from 
four  to  eight  months.  The  percentage  of  deaths  in  cases  reaching  the  second 
stage  is  100.    Whether  some  in  the  first  stage  recover  is  not  yet  certain. 

The  Trypanosoma  gambiense  is  irregularly  pathogenic  for  some  monkeys 
(Macacus  rhesus  and  others),  for  dogs,  cats,  and  rats.  It  is  less  pathogenic 
for  mice,  guinea-pigs,  rabbits,  and  horses.  Cattle  and  swine  seem  to  be 
refractory. 

Pathological  Changes. — Congestion  of  the  meninges;  increased  quantity 
of  cerebrospinal  fluid;  hypertrophy  of  spleen,  liver  and 'lymphatic  g^glia; 
diminished  hsBmoglobin  and  number  of  red  cells;  number  of  leucocytes  about 
normal  but  a  relative  increase  of  eosinophiles,  mast  cells  and  lymphocytes. 

Methods  of  Examination Blood. — If  the  direct  examination  of 

the  blood  is  n^ative,  10  c.c.  should  be  withdrawn  from  the  vein,  and 
after  adding  a  tenth  of  its  volume  of  citrate  of  sodium  it  should  be 
centrifuged  for  ten  minutes,  and  the  sediment  examined  in  hanging 
drop  and  in  smear.  The  great  majority  of  the  parasites  will  be 
found  collected  with  the  white  cells  in  the  thin  white  layers  which 
may  be  easily  removed  with  a  fine  pipette.  If  only  a  small  amount 
of  blood  can  be  obtained  the  tiny  tubes  reconmaended  by  Wri^t  in 
his  Opsonin  work  (p.  183)  may  be  used. 

Cerebrospinal  Fluid — Ten  cc.  of  the  fluid  withdrawn  by  lumbar 
puncture  should  be  centrifuged  for  fifteen  mnutes  and  the  deposit 
should  be  examined  under  150  to  200  diameter  magnification.  In- 
oculation of  susceptible  animals  should  also  be  made  with  the  blood 
or  cerebrospinal  fluid  from  the  suspected  case. 

So  far  Musgrave  and  Clegg,  after  many  careful  examinations, 
have  not  found  trypanosoma  in  any  human  beings  in  the  Philippines. 

Diagnosis  of  Trypanosomiasis  in  Oeneral.— This  should  be  made 
as  early  as  possible  in  order  to  prevent  the  spread  of  the  disease. 
An  early  positive  diagnosis  can  only  be  made  by  the  determination  of 
the  blood  infection.  This  is  done  in  two  ways:  first,  by  the  micro- 
scopic examination  of  a  hanging  drop  of  freshly  drawn  blood ;  second, 
by  animal  inoculation.  In  the  microscopic  examination  it  may  be 
necessary  to  examine  the  blood  of  the  suspected  animal  for  several 
days  in  succession.  The  parasites  are  rarely  absent  in  the  early 
stages  in  domestic  animals  for  more  than  a  few  days  at  a  time,  while 
in  man  the  time  may  be  much  longer.  If  the  trypanosomes  cannot 
be  found  by  this  method,  animal  experiment  should  always  be  made. 
Monkeys,  if  possible,  should  be  used,  or  if  monkeys  cannot  be  ob- 
tained, dogs  or  rats  may  be  used.  A  few  drops  to  1  cc.  of  the  blood 
from  the  suspected  animal  should  be  inoculated  intraperitoneally  or 
subcutaneously. 

Blood  smears  may  be  stained  by  any  modification  of  the  Romanow- 
sky  method. 
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Prophylazifl  against  Animal  Trypanosomiasis. — The  disease  is 
readily  controlled  by  preventive  measures.  There  should  be  strict 
quarantine  regulations  governing  the  importation  of  animals.  When 
the  disease  has  once  appeared  the  following  general  measures  should 
be  taken:  1.  Suspected  animals  should  be  isolated.  2.  All  infected 
animals  should  be  destroyed.  3.  As  far  as  possible  all  biting  insects 
should  be  destroyed.  4.  The  bodies  of  infected  animals  should  be 
protected  from  biting  insects  for  at  least  twenty-four  hours  after 
death.     5.  Susceptible  animals  should  if  possible  be  made  immime. 

Treatment. — Many  drugs  have  been  tried  without  success.  Ke- 
cently,  Ehrlich  and  Shiga  have  found  that  a  certain  red  product  of 
the  benzopurpurine  series,  to  which  they  have  given  the  name  "  try- 
panroth,"  has  a  preventive  and  curative  effect  in  mice  infected  with 
m<il  de  caderas.  The  curative  effect  is  especially  marked.  As  late 
as  three  days  after  infection  with  the  trypanosome  cures  are  effected. 
Inasmuch  as  the  "  trypanroth  "  is  non-poisonous  for  the  trypanosome 
in  vitro,  Ehrlich  and  Shiga  suppose  that  a  toxic  substance  is  formed 
in  the  mice.  The  preventive  effect  of  the  trypanroth  soon  passes  off, 
allowing  the  mice  to  become  infected  with  trypanosomes  two  or  three 
days  after  the  preventive  inoculation.  On  other  trypanosomes  and  in 
other  animals  the  results  are  not  so  good.  Alternating  arsenic  and 
"  trypanroth  "  may  give  better  results.  The  latest  successes  reported 
in  experimental  treatment  of  lower  animals  are  from  the  use  of 
atoxyl  (an  organic  arsenical  compound)  followed  by  a  mercuric  salt 
(mercuric  chloride).  The  former  was  first  used  by  Thomas  in  1905. 
The  atoxyl  causes  the  disappearance  of  trypanosome  from  the  periph- 
eral blood  but  only  for  a  time  unless  the  mercuric  salt  is  given. 
This  seems  to  effect  a  complete  cure.  But  it  is  still  too  soon  to  be 
sure  of  the  results.  Koch  has  just  reported  favorable  results  from 
the  use  of  atoxyl  in  human  trypanosomiasis. 

Serum  Therapy. — Various  normal  sera  from  different  animals 
have  been  tried,  with  practically  no  success.  A  few  have  proloujs^ed 
life.  Thus  Laveran  and  Mesnil  state  that  human  serum  injected  in 
sufficient  quantities  shows  manifest  action  on  the  disease,  and  that 
sometimes  cure  results  in  mice  and  rats.  Further,  by  alternating 
human  serum  with  arsenic  they  obtained  better  results  still.  Kant- 
hack,  Durham,  and  Blandford  showed  that  animals  recovering  from 
trypanosoma  infection  were  immune  to  further  infection.  ELabino- 
witsch  and  Kempner  have  made  a  very  careful  study  of  immune 
serum  produced  by  the  Trypanosoma  Lewisi.  They  have  shown  that 
an  animal  may  be  hyperiramunized  and  that  then  its  serum,  in  com- 
paratively large  doses,  inoculated  into  mice  at  the  same  time  as  the 
trypanosomes,  or  twenty-four  hours  before  or  after,  allows  no  develop- 
ment of  the  organisms.  Laveran  and  Mesnil  state  that  the  serum 
causes  the  rapid  destruction  of  the  organisms  by  the  leukocytes, 
though  MacNeal,  on  the  other  hand,  states  that  the  trypanosomes  are 
destroyed  by  a  cytolytic  action  of  the  serum.  This  immune  serum 
also  has  a  similar  action  on  the  trypanosoma  of  Dourine.     The  serum 
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of  animals  hyperiramunized  against  other  varieties  of  trypanosoma  is 
not  as  active  as  that  obtained  by  the  inoculation  of  Trypanosoma 
Lewisi,  vial  de  caderas  giving  the  best  results  so  far,  but  results  that 
are  not  encouraging  for  practical  treatment. 

Koch  suggested  that  an  immunity  mi^t  be  established  by  the  in- 
oculation of  attenuated  parasites,  and  Novy  and  MacNeal  have  suc- 
ceeded in  attenuating  cultures  of  Trypanosoma  Brucei,  and  have 
obtained  some  success  in  protecting  experimental  animals  against 
virulent  cultures. 
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CHAPTER  XLIIL 

SPIROCHETA. 

Since  the  appearance  of  the  work  of  Schaudinn  on  the  etiology  of 
syphilis  the  Spirochete  have  been  brought  into  great  prominence. 
Formerly  all  slender,  apparently  simple-structured  spiral  organisms 
were  classified  with  the  spirilla  under  the  bacteria  but  Schaudinn 
was  inclined  to  believe,  and  he  has  many  followers,  that  the  syphilis 
spirochete  and  related  forms  are  protozoa  belonging  to  the  flagellates 
and  related  to  the  trypanosomes. 

A  summary,  taken  chieflv  from  Ewing,  of  the  ideas  in  regard  to  the  nature 
of  these  organisms  is  the  following:  The  reasons  in  favor  of  their  protozoan 
nature  are :  (1)  Their  flexibility  and  change  in  form  when  in  motion  due  to  the 
lack  of  resistant  membrane  such  as  the  spirilla  have  and  to  the  presence  of  elas- 
tic fibres  such  as  are  possessed  by  the  flagellata;  (2)  The  morphological  fea- 
tures of  terminal' periplastic  cilia,  absence  of  peritrichal  flagella,  indications 
of  longitudinal  division,  traces  of  undulating  membrane,  and  the  demonstra- 
tion of  forms  intermediate  between  the  spirochetes  and  trypanosomes;  (3) 
Schaudinn  considered  that  spirochetal  forms  which  he  observed  develop  in 
owls  infected  with  Leucocytozoon  ZiemannU,  a  near  relative  of  hsemoproteus, 
were  a  stage  in  the  life  cycle  of  the  protozoan.  Novy,  however,  showed  that 
this  inference  was  probably  incorrect,  because  Schaudinn's  animals  might 
have  been  previously  infected  with  spirochetes;  (4)  The  analogy  between 
syphilis  and  dourine,  a  venereal  disease  of  horses  caused  by  trypanosome; 
(5)  The  extreme  lability  of  the  virus,  the  apparent  absence  of  toxin  pro- 
duction, the  peculiar  limitations  surrounding  successful  inoculation  in  man 
and  monkey,  especially  the  failure  of  subcutaneous  and  intraperitoneal  in- 
oculations to  infect,  the  peculiar  localization  of  the  organisms  in  the  body, 
and  the  remarkable  features  of  inununity  in  the  disease  are  hardly  paralleled 
by  any  known  bacterial  infection. 

In  favor  of  the  bacterial  nature  of  Spirocheta  pdllida  have  been  brought 
forward  the  following  unconvincing  points:  (1)  the  evidence  of  trans- 
verse division  similar  to  that  seen  in  spirilla;  (2)  demonstration  of 
peritrichal  flagella  about  some  spirilla  which  in  other  respects  resemble 
Spirocheta  pallida;  (3)  Levaditi,  as  well  as  others,  denies  the  existence 
of  an  undulating  membrane  in  Spirocheta  refringens,  demonstrates  a 
terminal  flagellum.  and  has  recently  cultivated  the  organism  in  collodion 
sacs,  showing  that  it  may  multiply  for  many  generations  without  assuming  a 
trypanosome  stage.  In  the  same  way  Novy  has  recently  reported  the  culti- 
vation of  Spirocheta  Ohermeieri,  and  Levaditi  thinks  the  entire  group  will 
prove  cultivable  and  fail  to  show  trypanosome  forms;  (4)  The  apparent 
transmissibility  of  syphilis  to  rabbits  and  dogs;  (5)  The  absence  of  an 
intermediate  host. 

Until  the  structure  of  these  organisms  is  studied  more  minutely  and  their 
life  cycle  is  followed  more  closely  little  can  be  determined  in  regard  to  their 
exact  biologic  position.  The  suggestion  of  Schaudinn  and  of  Veuillemin 
that  a  new  group  be  formed  of  Spirocheta  pallida  and  related  types  with  the 
generic  name  Treponema  is  perhaps  a  good  one. 

Numerous  spirochetes  and  spiral  organisms  bavp  been  described 

560 


SPIBOCHETA,  561 

since  the  appearance  of  Schaudinn's  first  announcement,  some  as- 
sociated with  Spirocheta  pallida  in  syphilis,  some  in  other  lesions 
or  in  the  normal  secretions  of  both  man  and  the  lower  animals. 

It  may  be  well  to  note  briefly  the  chief  characteristics  of  the 
more  familiar  non-pathogenic  ones  in  order  better  to  understand 
the  relationships  between  them  and  the  Spirocheta  pallida  and  other 
pathogenic  forms. 

Material  for  Olass  Study.— The  large  Spirocheta  baWiami  is  often  found 
in  the  stomach  of  oysters  fresh  from  salt  water.  Smaller  spirochetes  are 
found  in  almost  all  human  mouths.  When  fresh  syphilitic  or  relapsing  fever 
material  can  be  obtained  this  should  be  examined.  Stained  smears  and  sec^ 
tioDS  of  such  material  may  always  be  obtained. 

Hanging  drops  (in  physiological  salt  solution  when  necessary,  and  well 
sealed  with  vaseline  as  most  spirochetes  are  anaerobic),  stained  smears  and 
sections  should  be  prepared  and  studied.  Smears  may  be  stained  (1)  by 
Giemsa  according  to  the  method  on  page  609;  (2)  by  Gk>ldhom's  method  as 
follows : 

Dye.  Water,  200  cm.  Lithium  carbonate,  2  grams.  Methylene-blue,  2 
grams.  (Merck's  medicinal  or  a  similar  preparation.)  This  mixture  is 
heated  in  a  rice  boiler  with  a  moderate  amount  of  heat  until  a  rich  poly- 
chrome has  formed.  This  is  determined  by  examining  a  sample  against 
artificial  light  and  noting  the  appearance  of  a  distinctly  red  color.  The 
solution  is  allowed  to  cool  and  the  residue  is  removed  by  filtering  through 
cotton.  To  one-half  of  this  filtrate  5  per  cent,  acetic  acid  is  graducdly  added 
until  a  strip  of  litmus  paper  shows  above  the  line  of  discoloration  a  distinct 
acid  reaction.  The  remaining  half  of  the  dye  is  now  added,  so  as  to  carry 
the  reaction  back  to  a  low  degree  of  alkalinity.  A  one-half  per  cent.  French 
eosin  solution  is  now  added  gradually,  while  the  mixture  is  being  stirred 
until  a  filtered  sample  shows  a  pale  bluish  color  with  slight  fluorescence. 
The  mixture  is  allowed  to  stand  for  one  day  and  filtered.  The  precipitate  is 
collected  on  a  double  filter  paper  and  dried  at  a  temperature  not  exceeding 
40^  C.  It  is  then  removed  from  the  filter  paper  and  dissolved  in  commercial 
wood  alcohol.  It  is  allowed  to  stand  for  one  day  in  an  open  vessel  and  then 
filtered. 

To  use  the  stain  on  smears  sufficient  dye  to  cover  the  smear  is  dropped  on 
an  unfixed  preparation  and  allowed  to  remain  for  three  or  four  seconds;  the 
excess  is  then  poured  off.  The  slide  is  now  introduced  slowly  into  clean 
water  with  the  film  side  down,  is  held  there  for  four  or  five  seconds  and  is 
then  shaken  in  the  water  to  wash  off  the  excess  of  dye.  It  is  then  allowed  to 
dry  and  is  ready  for  examination.    The  pallida  stains  violet. 

Until  recently  the  demonstration  in  smears  of  the  syphilis  spirochete  by 
the  silver  impregnation  method  so  successfully  used  by  Levaditi  in  sections, 
has  been  unsatisfactory.  Stem,  however,  and  Flexner  corroborating  him, 
have  gotten  beautiful  results  by  the  following  simple  method: 

1.  Air-dried  into  37°  incubator  for  some  hours. 

2.  Ten  per  cent,  aqueous  silver  nitrate  for  some  hours  (Flexner  thinks  three 
to  four  days  exposure  better)  in  diffuse  day-light. 

3.  When  the  brownish  color  reaches  a  certain  tone  (easily  recognized  after 
experience)  and  when  a  metallic  sheen  develops  the  slide  is  washed  well  in 
water,  dried  and  mounted. 

The  blood  cells  are  well  preserved,  they  have  a  delicate  dark  brown  contour 
and  contain  fine  light  brown  granules.  The  spirochetes  are  deep  black  on  a 
pale  brown  and  in  places  a  colorless  background. 

Other  spirochetal  organisms  may  be  silvered  by  this  method,  and  as  they 
may  be  differentiated  with  greater  difficulty  than  with  Giemsa's  stain,  the 
latter  should  always  be  used  as  well. 
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The  flagella  are  brought  out  by  Loeffler's  method  or  by  the  stain  recom- 
mended by  Gbldhom. 

Sections  are  prepared  by  this  silver  impregnation  method  by  Levaditi 
as  follows:  Fix  small  pieces  of  tissue  one-half  mm.  in  thickness  for  twenty- 
four  to  forty-eight  hours  in  formalin,  10  per  cent.  Wash  in  95  per  cent, 
alcohol  twelve  to  sixteen  hours.  Wash  in  distilled  water  till  the  pieces  sink. 
Impregnate  two  to  three  hours  at  room  temperature  and  four  to  six  hours 
at  50°  C.  in  the  following  fluid:  Nitrate  of  silver,  1;  pyridine,  10  (added 
just  before  using) ;  aq.  d^t.,  100.  Wash  rapidly  in  10  per  cent,  pyridine. 
Reduce  the  silver  by  placing  in  the  following  mixture  for  several  hours: 
Pyrogallic  acid,  4;  acetone,  10  (added  just  before  using);  pyridine,  15;  aq. 
dist.,  100.  Harden  in  alcohol;  xylol;  paraffin.  Levaditi's  first  method 
is  longer  but  more  reliable.  Fix  small  pieces  in  formalin,  10  per  cent 
Harden  in  95  per  cent,  alcohol.  Wash  in  distilled  water  several  minutes. 
Impregnate  three  to  five  days  at  37°  C.  in  1.5  per  cent,  solution  silver  ni- 
trate. Reduce  twenty-four  hours  in:  Pyrogdlic  acid,  4;  formalin,  5; 
water,  100.  Imbed  in  parafiin.  By  these  methods  the  spirochetes  appear 
densely  black. 

Cultures. — ^Pure  cultures  have  been  obtained  of  the  Spirocheta  dentium 
in  the  following  manner:  Poured  serum  agar  plates  are  made  of  various 
dilutions  of  material  from  the  mouth  containing  these  spirochetes.  After 
being  kept  in  the  thermostat  at  37°  C.  under  anaerobic  conditions  for  nine 
to  twelve  days  the  spirochetal  colonies  are  finished  and  planted  in  agar  tubes 
as  stick  cultures. 

Pure  cultures  of  Spirocheta  Obermeieri  by  Novy  and  of  Spirocheta  refrin- 
gens  by  Levaditi,  as  already  stated,  have  been  obtained. 

Spirocheta  balbianii  (Certes)  (Plate  II.,  Fiff.  2). — This  great 
form,  next  largest  known  to  the  Spirocheta  plicatUis  Ehrenberg,  may 
be  found  in  the  stomach  of  the  oyster.  It  is  important  because  appar- 
ently a  transitional  form.  In  fact  it  is  considered  a  trypanosome 
by  Perrin  and  others.  Muhlens  gives  its  characteristics  as  follows: 
Length  26f*  to  120/^  width  %ft  to  3/*.  The  body  is  flattened  and  pos- 
sesses an  undulating  membrane  which  is  visible  during  life  on  some 
individuals.  It  has  4  to  8  flat,  wide  spiral  coils.  Its  movements  are 
lively,  similar  to  those  of  trypanosomes,  but  more  cork-screw  like. 
During  motion  its  form  is  apparently  easily  changed.  The  rim  of 
the  undulating  membrane  does  not  end  in  a  free  flagellum,  but  one 
end  of  it  seems  to  be  attached  to  a  triangular  mass  of  chromatin 
(basal  granule^  blepharoplast  ?)  which  is  a  part  of  the  central  chro- 
matin material.  The  nuclear  material  is  arranged  in  a  more  or  less 
spiral  line  along  the  entire  center  of  the  organism. 

Before  division  this  nuclear  line  after  passing  through  chromo- 
some-like changes,  breaks  up  into  pairs  and  division  takes  place 
longitudinally  between  them.  Division  is  often  incomplete  for  a 
time,  the  two  ends  remaining  attached. 

Spirocheta  balanitidis. — This  is  a  spirochete  foimd  by  Simon  in 
Balanitis  circinata  and  regarded  by  some  as  the  specific  cause  of  this 
disease.  Hoffman  and  Prowazek  describe  it  as  a  rather  strongly  re- 
fractive, actively  motile  band-shaped  organism,  shorter  and  tiiicker 
than  Spirocheta  pallida,  with  6-10  coils,  staining  bluish-red  with 
Giemsa's  method  and  exhibiting  an  undulating  membrane  and  peri- 
plastic cilia  at  either  end. 
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Miihlens  thinks  this  may  be  identical  with  Spirocheta  refringens. 
The  Mouth  Spirochetes. — Three  varieties  of  saprophytic  forms 
are  commonly  found  in  normal  mouths. 

1.  Spirocheta  bnccalia  (Cohn)  (Plate  II.,  Fig.  da). — ^Length,  lO/nr- 
20 fi ;  thickness  Vb/j-  to  Ysfi.  It  has  3  to  10  irregular  flat  coils.  No  true 
cilia  have  been  demonstrated  but  Schaudinn,  Hoffman  and  Prowazek 
have  seen  an  undulating  membrane.     It  stains  violet  with  Giemsa. 

2.  Spirocheta  dentinm  (Koch)  (Plate  II.,  Fig.  3c).— This  is  much 
smaller  than  the  previous  form.  It  is  as  thin  as  the  pallida  and  is 
somewhat  similar  to  it  in  refraction,  staining  qualities  and  in  the 
fixity  of  its  coils  during  motion.  It  is  somewhat  smaller  and  stains  a 
little  more  easily  with  Loffler's  flagella  stain  and  flagella  have  been 
demonstrated.  Neither  definite  imdulating  membrane  nor  nuclear 
material  have  been  seen.  It  is  4/ir-12^  long,  and  has  4  to  20  regular 
spirals  of  about  the  same  appearance  as  those  of  the  pallida.  Pure 
cultures  have  been  made  from  this  spirochete  as  described  above. 

3.  A  Middle  Perm  (Plate  II.,  Fig.  3b),  between  these  two,  has  been 
found  in  the  mouth.  This  also  is  somewhat  similar  to  the  pallida  but 
it  is  larger  and  has  less  regular  spirals,  moreover  it  stains  n\ore  in- 
tensely with  the  blue  of  Giemsa,  only  in  poorly  prepared  specimens 
does  it  appear  red. 

Spirocheta  refringens  (Fig.  161)  is  also  found  in  the  mouth, 
but  it  is  especially  interesting  from  the  fact  that  it  is  so  often  found 
associated  with  the  Spirocheta  pallida  in  the  various  lesions  of  ^phi- 
lis.  It  is  not  in  such  large  numbers  as  the  pallida  and  probably 
bears  the  relation  of  a  restricted  secondary  invader.  It  is  generally 
longer  than  the  pallida  (10-30fi)  and  much  thicker  (%-?4fi).  In 
life  it  is  much  more  refractive.  It  has  3  to  15  irregular  wide  flat 
spirals  which  change  their  shape  during  motion.  Its  movements  are 
much  more  lively  than  those  of  pallida.  With  Giemsa  it  stains 
quickly  and  easily,  a  blue  to  a  blue  violet  tone,  according  to  the 
length  of  staining.  Schaudinn  states  that  it  possesses  an  undulating 
membrane.  Levaditi  claims  to  have  demonstrated  terminal  cilia  for 
this  organism  and  to  have  cultivated  it  in  collodion  sacs  in  the 
rabbit's  peritoneum. 

Spirocheta  Vincenti  (Plate  II.,  Fig.  5). — ^Accompanying  the  fusi- 
form bacilli  in  Vincent's  angina  (see  p.  233)  are  many  spirochetes 
similar  to  the  "  middle  form ''  found  in  the  mouth.  Whether  they 
are  identical  with  these  spirochetes  or  whether  they  are  a  special 
variety  (or  as  some  think  a  second  form  of  the  fusiform  bacillus)  still 
remains  to  be  determined.  ITieir  relationship  to  the  disease  is  also 
uncertain. 

Miscellaneous  Spirochetae. — ^Besides  the  spirochetes  found  in 
syphilis,  in  frambosia,  in  certain  tumors  of  mice  and  human  beings, 
and  the  spiral  organisms  causing  African  and  European  relapsing 
fevers,  all  of  which  will  be  described  below,  spirochetes  have  been 
found  (1)  in  the  normal  intestinal  tract  of  mosquitoes  and  human 
beings  as  well  as  in  the  diarrhoeal  stools  of  the  latter,  (2)  in  the 
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blood  of  mice,  fowls  and  geese,  (3)  in  various  ulcerative  and  gan- 
grenous processes  of  man.  Most  of  these  have  been  very  little 
studied.' 

Spirocheta  pallida.^ — This  organism  is  found  in  large  numbers  in 
syphilis,  an  infectious  disease  of  human  beings,  characterized  by  its 
long  course  and  by  the  definite  stages  of  its  clinical  manifestations. 

Historical  Note. — ^Notwithstanding  the  fact  that  syphilis  is  one  of  the  oldest 
diseases  known  and  studied,  only  recently  has  definite  light  been  thrown  upon 
its  cause  in  the  discovery  of  the  Spirocheta  pallida  (Schaudinn). 

Before  this  it  was  thought  that  the  bacillus  described  by  Lustgarten  and 
others  as  occurring  in  small  numbers  in  the  lesions  of  syphilis  bore  an 
etiologic  relationship  to  the  disease,  but  there  were  no  evidences  to  support 
this  view.  Many  other  bacteria  have  been  erroneously  regarded  as  the 
probable  cause  of  syphilis. 

From  time  to  time  various  observers  have  described  protossoan-like  bodies  in 
syphilitic  lesions  but  their  observations  have  not  been  confirmed. 

Schaudinn  announced  early  in  1905  that  working  with  Hoffman  he  found 
in  the  fresh  exudates  of  chancre  a  spirochete  possessing  definite  character- 
istics and  he  thought  that  the  organism  was  the  cause  of  the  disease.  Since 
then  there  have  been  extensive  studies  on  human  syphilis  and  on  experimental 
syphilis  in  lower  animals  with  the  result  that  the  work  of  Schaudinn  and 
Hoffman  has  been  abundantly  corroborated  and  many  new  facts  have  been 
brought  out. 

The  Organiam  (Fig.  160  and  Plate  11., 
Figs.  6  and  7). — The  spirocheta  pallida  is 
a  very  delicate  structure  closely  resemb- 
ling in  morphology  and  staining  reactions 
the  Spirocheta  dentium.  It  is  somewhat 
longer,  4  to  20  microns  long  (average  10), 
and  thinner,  H  to  H  microns  in  diameter. 
It  has  4  to  20  sharp,  deep  spirals.  The 
relationship  between  the  lengtti  and  the 
depth  of  the  spirals  is  different  in  Ihe  two 
forms.  In  Spirocheta  pallida  length  is 
to  depth  as  1  is  to  1-1.5  (1/*  long  and  1 
to  1.5fi  deep),  while  in  Spirocheta  dentium 
the  average  relationship  is  1 : 0.5,  the 
spirals  being  more  shallow.  The  angle  of 
the  spiral  turn  is  very  sharp  in  both  forms 
(more  than  90°). 

Flagella-like  anterior  and  posterior 
prolongations  are  often  seen  in  the 
pallida.  The  double  flagella  occurring 
rarely  at  one  end  are  interpreted  by 
Schaudinn  as  beginning  longitudinal  di- 
vision. Schaudinn  states  that  the  division  occurs  very  quickly 
(hence  the  reason  why  so  few  dividing  forms  are  seen  in  stained 
preparations)  and  that  it  may  be  followed  only  by  the  most  experi- 
enced observers  during  life.  In  the  living  condition  the  organism  is 
very  refractive,  so  it  is  seen  at  first  with  difficulty.  Its  character- 
*Much  of  the  section  on  syphilis  was  taken  from  Swing's  excellent  article, 
quoted  in  the  literature  at  the  end  of  this  chapter. 


0 


The  two  splrochntes  in  the 
centre  are  8p.  pallida;  the 
three  others,  8p.  refringens. 
(Schaudinn  and  Hoffmann.) 


8PIR0CSETA.  565 

istic  movements  are  rotation  on  its  long  axis,  quivering  movements  up 
and  down  the  spiral  which  is  comparatively  rigid,  slight  forward  and 
backward  motion  and  bending  of  the  entire  body.  Some  observers 
have  been  unable  to  see  any  true  locomotion. 

It  stains  red  as  does  Spirocheta  dentium  by  Giemsa's  method  while 
most  other  spirochetes  stain  blue  in  properly  prepared  specimens. 

PathogenesiB. — So  far  as  is  known  this  disease  in  nature  appears 
only  in  man.  Since  1879  when  Elebs  stated  that  he  had  produced 
syphilis  in  monkeys  by  the  inoculation  of  human  vims,  various  ex- 
perimenters have  reported  its  transmissibility  to  these  animals  by 
direct  inoculation.  Most  of  the  earlier  reports  did  not  state  the  exact 
identity  of  the  animals  employed,  nor  did  they  give  details  of  meth- 
ods and  results. 

Metchinkoff  and  Rouz  in  1903  produced  a  typical  chancre  on  the 
genital  mucosa  of  the  young  chimpanzee  twentjr-six  days  after  inoculation, 
The  essential  lesion  was  followed  by  inguinal  adenitis,  and  thirty  days  later 
by  a  generalized  papular  eruption.  The  virus  was  transferred  in  this  case 
to  lower  monkeys.  Most  monkeys  developed  a  primary  lesion  only  but  some 
had  abundant  secondaries. 

Since  the  discovery  of  the  Spirocheta  pallida  experiments  on  monkeys  have 
been  more  numerous  and  have  been  followed  by  more  helpful  results.  More 
has  been  learned  about  the  course  of  the  infection  in  man,  the  evidence  in 
favor  of  the  Spirocheta  pallida  being  the  cause  of  the  disease  has  been 
strengthened,  and  many  interesting  investigations  in  regard  to  immunity 
have  been  made. 

Important  features  in  regard  to  course  of  the  infection  have  been  sum- 
marized by  Ewing  as  follows :  "  If  the  virus  is  applied  to  the  broken  epithe- 
lium, a  chancre  develops,  but  if  similar  virus  is  inoculated  into  the  subcu- 
taneous tissue  an  initial  lesion  does  not  follow,  immunity  does  not  develop 
and  the  animals  remain  susceptible  to  subsequent  inoculation  of  the  epithe- 
Hum.  Yet  in  several  instances  Neisser  was  unable  to  produce  chancres  in 
monkeys  which  had  previously  received  subcutaneous  injections  of  syphilitic 
material,  indicating  that  immunity  may  sometimes  appear  after  such 
subcutaneous  injections.  Possibly  the  leucoc3i;es  of  the  subcutaneous 
tissue  destroy  the  virus  before  it  can  begin  to  multiply.  Hence,  small  super- 
ficial wounds  may  be  more  dangerous  in  man  than  deep  ones.  Nevertheless, 
it  is  recorded  by  JuUien  that  two  French  surgeons  accidentally  inoculated  by 
deep  needle  punctures  developed  pronounced  signs  of  constitutional  syphilis, 
as  attested  by  Foumier,  but  failed  at  any  time  to  show  signs  of  a  chancre 
at  the  point  of  inoculation.  It  remains  to  be  seen  whether  the  observations 
of  the  clinicians,  or  those  of  the  experimental  pathologists  represent  the  true 
laws  of  infection  in  syphilis. 

"  In  monke3rs  the  virus  exhibits  a  certain  choice  of  epithelium  for  its  entry. 
The  abdominal  skin  resists  the  entry,  the  eye-brows  and  genitals  are  most 
readily  inoculable  in  apes,  and  the  palpebral  borders  in  catharinians.  The 
period  of  incubation  varies  from  thirty  days,  on  the  average,  in  the  chim- 
panzee, to  twenty-three  days  in  lower  monkeys,  but  the  shorter  the  incuba- 
tion, the  shorter  and  less  severe  the  subsequent  disease. 

"  That  the  virus  circulates  in  the  blood  in  certain  stages  of  syphilis  has  been 
clearly  shown  experimentally.  Although  Neisser  inoculated  human  subjects 
with  the  blood  of  florid  syphilis  without  effect,  a  result  which  is  now  ex- 
plicable, Hoffman  in  two  of  four  experiments,  produced  syphilis  in  monkeys 
(Macacus  rhesus)  by  inoculating  the  skin  with  human  blood  drawn  forty 
days  and  six  months  after  the  appearance  of  the  chancre.  The  resulting 
primary  lesions  were  typical,  appearing  after  the  usual  incubation  and  show- 
ing a  characteristic  histological  structure  and  the  presence  of  Sp.  pallida. 
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**  Syphilographers  are  agreed  that  tertiary  lesions  are  not  contagions.  Ex- 
perimental studies  have  shown,  however,  liiat  some  tertiary  lesions  are 
ci^pable  of  transmitting  the  disease.  Salmon  had  n^^ative  results  with  an 
ulcerated  gumma  in  the  eighth  year  of  the  disease.  Yet  Neisser  produced 
chancres  and  secondaries  in  a  gibbon  and  in  a  maeacus  with  the  material 
from  a  non-ulcerated  gumma  (duration  unknown),  but  the  periods  of  incu- 
bation were  very  long,  fifty-one  and  sixty-eight  days.  All  tertiary  lesions 
do  not  seem  to  contain  the  virus,  as  Neisser  found  the  material  from  tubero- 
serpigenous  lesions  non-infectious.  It  appears,  also,  that  secondary  infec- 
tion and  ulceration  of  tertiary  lesions  reduces  their  infectivity.  None  of 
these  observations  invalidates  the  clinical  experience  that  tertiary  lesions  are 
practically  harmless  for  the  patient's  neighbors,  but  they  suggest  greater 
caution  in  dealing  with  tertiary  lesions. 

"  According  to  Colics'  law,  a  mother  who  gives  birth  to  a  syphilitic  infant 
may  not  herself  contract  the  disease,  but  thereafter  remains  immune  to  in- 
oculation. This  law  may  be  explained  by  the  infection  by  the  embryo  or 
ovum,  and  the  transference  of  immunity  to  the  mother  by  the  blood  or  by 
some  other  method.  The  probable  mode  of  origin  of  the  maternal  immunity 
is  suggested  by  an  observation  of  Buschke  and  Fischer  who  found  spiro- 
chstes  in  the  inguinal  lymph  nodes  of  such  a  case  which  remained  entirely 
free  from  the  symptoms  of  the  disease.  The  observation,  taken  with  the 
failure  of  subcutaneous  and  intraperitoneal  inoculation  to  infect  monkeys, 
may  explain  the  workings  of  Colics'  law.  Levaditi  and  Sauvage  claim  to 
have  shown  that  Sp.  pallida  is  capable  of  invading  the  ovum.  Finger  and 
Landsteiner  found  the  semen  in  one  case  of  secondary  lues  infectious  for 
apes,  but  in  other  cases  their  results  were  negative.  It  is,  therefore,  only 
necessary  to  suppose  an  occasional  escape  from  the  genital  tract  in  order  to 
complete  the  necessary  conditions  for  the  infection  of  the  embryo  with  im- 
munity in  the  mother. 

''  Neisser  endeavored  to  determine  the  degree  and  duration  of  the  infecti- 
vity of  the  organs  of  monkeys  and  found  that  the  virus  persists  especially 
in  the  blood-forming  organs,  spleen,  lymph  nodes,  and  marrow,  while  in  the 
testicle  also,  the  virus  is  long  preserved  in  active  form.  The  other  organs 
gave  entirely  negative  results." 

Syphilis  in  the  Babbit. — ^Bertarelli  and  others  have  inoculated  syphilitic 
virus  into  the  cornea  and  anterior  chamber  of  rabbits'  eyes  and  they  have 
obtained  ulceration  and  increased  numbers  of  spirochetes.  After  several 
generations  of  passage,  Bertarelli  successfully  inoculated  a  monkey  from 
such  a  cornea. 

In  Blan. — The  oourse  of  the  disease  is  divided  into  three  stages, 
primary,  secondary,  and  tertiary.  The  general  character  of  the 
lesions  in  these  stages  is  a  more  or  less  circumscribed  formation  of 
new  tissue  which  is  largely  made  up  of  small  spheroidal  cells  alone 
or  accompanied  by  fewer  polyhedral  cells,  and  occasional  giant  cells. 

The  initial  or  primary  lesion  occurs  in  the  form  of  a  papule  which  de- 
velops into  the  so-called  chancre,  an  ulcer  with  hardened  base.  Following 
this  there  is  hyperplasia  of  the  nearest  lymph  nod^.  These  lesions  subside 
and  six  or  seven  weeks  later  the  secondary  lesions  appear  in  various  general 
eruptions  on  skin  and  mucous  membranes  and  in  other  constitutional  dis- 
turbances. The  tertiary  lesions  which  consist  principally  of  the  masses  of 
new  tissue  called  g^ummata  are  found  throughout  the  viscera  and  in  the 
periosteum. 

Scbaudinn's  spirochetes  have  been  demonstrated  in  practically  all 
tbe  lesions  of  syphilis,  including  the  congenital  types,  in  such  num- 
bers aild  position  as  to  make  the  majority  of  workers  in  tbis  field 
look  upon  them  as  the  probable  cause  of  syphilis. 
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The  technic  first  used  failed  to  bring  them  out  as  well  as  that  later 
employed.  But  the  method  most  recommended,  that  of  silver  im- 
pregnation, is  the  one  most  assailed  by  the  opponents  to  the  view  of 
the  organismal  nature  of  the  spiral  bodies. 

The  adverse  criticism  made  by  Saling,  Schultze  and  a  few  others  is  based 
upon  the  fact  that  silver  nitrate  impregnates  nerve  endings  and  elastic  fibrils 
so  that  both  appear  as  spiral  organisms;  even  the  Giemsa  and  other  stains 
used,  they  claun,  may  stain  fibrils  of  certain  tissue  in  such  a  way  that 
they  look  like  spirochetes.  This  criticism  has  been  weakened  very  lately 
by  the  fact  that  the  pallida  may  be  brought  out  in  smears  by  the  silver 
impregnation  method  as  well  as  by  Giemsa  and  in  section  by  Giemsa's  stain 
as  well  as  by  the  silver  impregnation  (see  technic).  Until  the  Sp.  paUida 
is  obtained  in  pure  culture,  however,  these  criticisms  must  continue  to  have 
weight  be  it  ever  so  slight. 

Immimity. — Natural  inmiunity  in  syphilis  is  very  peculiar.  After 
the  development  of  the  primary  lesions,  man  is  usually  insusceptible 
to  reinoculation  during  the  active  stage  of  the  disease,  but  during  all 
stages  both  man  and  monkey  can,  in  some  cases,  be  reinoculated. 
Reinoculation  in  the  tertiary  stage  gives  precocious  lesions  of  the 
tertiary  type,  gunmiata  and  tubercles.  Neisser  found  reinoculation 
from  twenty-four  to  one  hundred  and  four  days  after  primary  in- 
oculation in  monkeys,  sometimes  effective,  more  often  negative. 
During  the  stage  when  the  skin  is  refractory  to  inoculation  secon- 
daries develop,  showing  that  there  is  no  complete  immunity  of  the 
skin  to  the  virus,  since  spirochsetse  are  abundantly  present  in  the 
lesions.  Neisser  suggests  that  cutaneous  secondaries  develop  at 
periods  of  relative  deficiency  of  immunity.  He  has  shown  that 
failure  to  reinoculation  is  not  due  to  immunity  to  foreign  and  sus- 
ceptibility to  auto-infection,  since  the  patient's  own  virus  in  both  man 
and  monkey  is  ineffective. 

Attenuated  Virus.— Efforts  to  secure  an  attenuated  virus  to  be  used 
for  inoculation  have  been  unsuccessful.  Fresh  material  loses  its 
virulence  in  six  hours,  and  the  results  of  inoculation  with  such  virus 
in  all  types  of  monkeys  have  been  entirely  negative.  Passage 
through  monkeys  does  not  attenuate  the  virus,  and  the  absence  of 
secondaries  in  lower  monkeys  is  apparently  no  indication  of  a  change 
in  the  quality  of  the  virus,  but  only  in  the  reaction  in  the  host 

Passiye  Inmnmization. — Injection  of  large  quantities  of  serum  of 
syphilitics  into  chimpanzees  has  failed  to  produce  4«filiite  immunity, 
alfliough  some  of  Neisser's  animals  after  such  treatment  failed  to 
take  syphilis.  The  serum  of  a  monkey  cured  of  syphilis,  and  sub- 
sequently injected  over  a  period  of  fifteen  months  with  the  blood  of 
syphilitic  subject  in  roseolar  stage,  was  without  therapeutic  effect. 
However,  this  serum  dried  and  powdered  prevented  the  chancre  when 
placed  on  the  site  of  inoculation  one  hour  after  the  virus. 

The  Bordet-Gengou  reaction  has  been  found  by  some  observers  to 
give  promising  results  as  an  aid  in  serum  diagnosis. 

Spirochetes    in    Framboesia    Tropica    (Yaws). — Castellani    in 
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1906  announced  that  he  had  found  in  yaws  a  spiral  organism*  which 
he  called  Spirocheta  pertenuis.  He  determined  that  monkeys  are 
susceptible  to  inoculations  with  material  from  yaws  patients  ap- 
parently containing  only  this  spirochete.  Such  material  filtered  is 
inert  Monkeys  successfully  inoculated  with  yaws  do  not  become 
immune  for  syphilis,  neither  do  those  having  had  syphilis  become 
immune  for  yaws.  Further  specific  characteristics  betwe^i  the  two 
diseases  are  brought  out  by  means  of  the  Bordet-Gengou  reaction. 
The  spirochete,  however,  is  morphologically  similar  to  the  Sp.  pal- 
lida.   His  work  has  been  corroborated  by  a  few  observers. 

Spirochetes  in  Tumon  (See  Plate  II.,  Figs.  9  and  10). — Loewen- 
thai,  Borrel,  and  others  found  spirochetes  in  small  nimibers  in  certain 
mouse  tumors.  Ewing  and  Beebe  found  a  few  in  some  dog  tumors 
and  others  have  reported  their  occasional  presence  in  both  ulcerating 
and  non-ulcerating  human  tumors,  but  apparently  never  in  sufficient 
numbers  to  account  for  the  tissue  reaction.  Gaylord,  however, 
found  that  in  repeated  transplants  of  a  mouse  tumor,  as  the  inoculated 
material  became  more  virulent  the  number  of  spirochetes  greatly  in- 
creased. Calkins  studied  the  morphology  of  Gaylord's  spirodiete 
and  decided  that  it  is  a  distinct  species.  He  has  also  found  this 
species  in  primary  as  well  as  in  transplanted  tumors.  It  is  much 
shorter  and  thicker  than  the  pallida,  and  has  blunt  ends.  It  closely 
resembles  the  spirochetes  found  comparatively  frequently  by  Tizzer 
and  others  in  apparently  normal  mice,  though  the  possibility  of  in- 
fection was  not  ruled  out. 

Spirocheta  Obermeieri  (Spirillum  of  Selapsing  Fever  in  Europe). 

— This  organism  is  classed  with  the  spirochetes  as  a  protozoan  by 

P,o  iQi  Schaudinn,    Hartmann,    Muhlens 

and  others,  but  by  Noris,   Novy 

and  others  it  is  still  placed  with 

/  V  ^""  the   bacteria.     Novy   and   Knapp 

/  ^  have   made    extensive    studies    of 

£  ^^k      ^^^^  organism  as  well  as  of  Sp. 

A         ^^  l^^A     d^iloni  (the  cause  of  tick  fever) 

■  J  ^^^^  ^BW     and  Sp.  gallinarum   (fowl  spiro- 

■  ^  '     chete)  and  considers  that  he  has 
%                       ^  demonstrated    their   bacterial    na- 

■  -  ture   and   that  many,   if  not   all 

spirochetes    should    be    placed    in 
this  ^oup. 

This  spirochete  was  first  ob- 
sorv^ed  by  Obermeier  in  1873  in 
the  blood  of  persons  suffering  from 
relapsing  fever.  It  was  found  in 
large  numbers  during  the  height  of  the  fever,  it  disappeared  about  the 
time  of  the  crisis,  and  reappeared  during  the  relapses.  It  was  not 
found  in  other  diseases.     Obermeier  considered  it  the  cause  of  the 


Photograph    of   8p.   Obermeieri  show 
Ing  terminal  flagelluoL     x  3000. 
Novy.) 


(After 


8PIR0CHETA.  569 

disease,  and  his  views  were  shown  ta  be  correct  by  the  production  of 
the  disease  in  man  and  ape  through  experimental  inoculation. 

Morphology.— The  organisms  are  long,  slender,  flexible,  spiral  or 
wavy  filaments  with  pointed  ends,  from  16fi.  to  4:0 1^  in  length  and 
from  one-quarter  to  one-third  the  thickness  of  the  cholera  spirillum 
(34/*  to  %/a).  They  stain  somewhat  faintly  with  watery  solutions 
of  the  basic  aniline  dyes,  better  with  Loeffler's  or  Kiihne's  methylene- 
blue  solutions,  or  with  carbol-f uchsin ;  best  with  the  Komanowsky 
method  or  its  modifications.  They  are  negative  to  Gram.  Novy 
has  demonstrated  a  terminal  flagellum  (Fig.  161).  There  are  3  to 
12  wide,  irregular  spirals. 

Biological  Oharacten. — In  fresh  preparations  from  the  blood  the 
spirochetes  exhibit  active  progressive  movements  accompanied  by 
very  rapid  rotation  in  the  long  axis  of  the  spiral  filaments  or  by  un- 
dulating movements.     They  are  found  only  in  the  blood  or  blood 

organs,  never  in  the  secretions,  and     L: 

only  during  the  fever,  not  m  the  inter- 
missions, or  at  most  singly  at  the 
beginning  of,  or  for  a  short  time 
after,  an  attack. 

When  kept  in  blood  serum,  or  a  0.6 
per  cent  solution  of  sodium  chloride, 
they  continue  to  exhibit  active  move- 
ments for  a  considerable  time.  They 
may  be  preserved  alive  and  active 
for  many  days  in  sealed  tubes.  They 
are  killed  quickly  at  60°  C,  but 
they  remain  alive  for  sime  time  at 

0°    C.      Unsuccessful  efforts  to  Culti-  s^irocHeta  Ot^ermeieH  blood  smenr. 

vate  them  in  artificial  culture  media     ^°S*^5!?-  xiooodiam.  (Fromitzerott 

,  .  1       <•  •  •  ^^^  Niemann.) 

have  been  made  from  time  to  time. 

Koch  has  observed  an  increase  in  the  length  of  the  spirilla  and  the 
formation  of  a  tangled  mass  of  filaments.  Novy  has  finally  suc- 
ceeded in  cultivating  them  in  celloidin  capsules  placed  in  the  perito- 
neum of  rats. 

Pathogenesis. — In  man,  whether  the  disease  is  acquired  naturally 
or  by  artificial  inoculation,  the  organism  causes  the  following  symp- 
toms: After  a  short  period  of  incubation  the  temperature  rises 
rapidly,  remains  high  for  five  to  seven  days,  and  then  returns  to 
normal  by  crisis.  About  seven  days  later  there  is  another  sudden 
rise  of  temperature,  but  this  time  the  crisis  occurs  sooner.  A  second 
or  third  relapse  may  occur.  The  organisms  increase  in  numbers 
rapidly  in  the  blood  from  the  beginning  of  the  fever,  large  numbers 
often  being  found  in  every  microscopic  field.  They  begin  to  dis- 
appear a  short  time  before  the  crisis,  and  immediately  after  the 
crisis  it  is  practically  impossible  to  find  them  in  the  circulating 
blood.     The  mortality  varies  in  different  epidemics  from  2  to  10 
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per  cent  When  monkeys  are  inoculated  witfi  human  blood  contain- 
ing the  spirilla,  they  become  sick  about  three  and  a  half  days  later, 
but  show  only  the  initial  febrile  attack,  or  at  the  most,  an  occasional 
short  relapse.  The  organisms  are  found  to  have  the  same  relation 
to  the  pyrexial  periods  as  in  man.  Blood  from  one  animal  taken 
during  the  fever  induces  a  similar  febrile  paroxysm  when  inoculated 
into  another  animal. 

Metchnikoff  showed  that  during  the  intermissions  when  the 
spirilla  disappeared  from  the  circulating  blood  they  accumulated  in 
the  spleen  and  were  ingested  in  large  numbers  by  certain  phago- 
cytes and  finally  were  destroyed. 

According  to  Lamb  a  certain  amount  of  immunity  is  conferred 
upon  monkeys  (Macacus  radiattis)  soon  after  an  attack,  but  it  dis- 
appears quickly.  If  the  serum  is  removed  during  this  time  it  is 
found  to  have  some  protective  action  when  mixed  with  the  blood 
containing  spirilla,  and  also  to  cause  agglutination  of  the  organisms. 
Novy  has  recently  shown  that  a  powerful  specific  germicidal  body 
exists  in  the  blood  of  rats  during  and  after  recovery,  notably 
in  the  blood  of  hyperimmunized  rats.  An  immunizing  body  prob- 
ably distinct  from  this  is  also  present  He  has  also  shown  that 
passive  immunity  can  be  imparted  by  injections  of  recovered  or 
hyperimmunized  blood,  that  both  active  and  passive  immunity  may 
last  for  months,  and  that  the  serum  has  both  a  preventive  and  a  cura- 
tive action. 

Infection  probably  occurs  through  the  bite  of  blood-sucking  in- 
sects. 

Spirocheta  Dnttoni. — The  organism  shown  by  Button  (1905)  to 
be  the  cause  of  African  tick  fever,  is  very  similar  morphologically 
to  8.  Ohermeieri,  but  Novy,  Franckel  and  others  have  shown  slight 
differences  which  make  them  believe  that  it  is  another  variety,  if  not 
another  species  of  this  group.  Button  demonstrated  that  tiiis  or- 
ganism can  be  transferred  to  monkeys  by  the  bites  of  young  ticks 
at  their  first  feed  after  hatching  from  infected  parents.  He  acci- 
dentally demonstrated  the  fact  that  the  disease  can  be  inoculated  into 
human  beings  through  a  cut  surface,  for  after  a  wound  received  at 
autopsy  he  developed  the  disease  which  eventually  caused  his  death. 
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CHAPTER  XLIV. 

BODO.    POLYMASTIGIDA.    CILIATA.    SPOROZOA. 

BODO  LACERTiE  (GRASSI). 

This  organism  is  frequently  found  in  the  intestinal  contents  of 
most  of  the  higher  animals.  A  species  of  the  Bodo  has  been  observed 
in  human  urine  {Bodo  uriricarius),  but  it  is  probably  a  harmless 
invader. 

It  is  lancet  or  wedge  shaped,  the  posterior  part  of  the  body  being 
turned  a  half  to  a  whole  spiral  on  itself.     It  possesses  two  character- 

Fig.  163 


Bodo  lacerta  (Grassl).     a  living;  h  and  o  stained,  2>  type  without,  c  type  with 
chromldium   (1000:1).     (After  y.  Prowazek,  from  Kisskalt  and  Hartmann.) 

istic  flagella,  equal  in  thickness  but  unequal  in  length.  In  motion  the 
longer  one  is  directed  forward,  while  the  sh(>rter  is  carried  backward, 
functioning  as  a  rudder,  or  a  towing  flagellum.  Both  flagella  spring 
from  basal  granules  which  are  well  demonstrated  by  the  iron  hema- 
toxylin stain.  They  are  situated  in  the  extreme  anterior  part  of  the 
body  and  are  attached  to  the  nucleus  by  a  delicate  fibril  (Fig.  163,  h 
c).     The  movement  of  the  organism  is  characteristic,  it  consists  in 
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a  rapid  irregular  swimming  in  various  directions  with  the  anterior 
flagellum  moving  from  side  to  side.  The  body  itself  shows  a  slightly 
sinuous  motion. 

There  are  two  ^rpes  of  nuclei  seen.  First,  the  typical  vesicular 
nucleus  most  frequently  seen  among  the  flagellates.  This  is  round 
and  has  a  definite  membrane  about  whidi  chromatin  is  arranged  in 
irregular  masses.  In  the  center  or  eccentrically  placed  is  a  com- 
pact karyosome.  Iron  hcematoxylin  preparations  bring  out  an 
achromatic  network  between  the  chromatin  masses  and  the  karyo- 
soma  In  the  living  condition  the  nucleus  appears  as  a  greenish 
glistening  refractive  vesicle  (Fig.  163,  a  and  b). 

The  second  type  of  nuclear  apparatus  is  seen  in  smaller  organisms. 
This  is  a  similar  nuoleus  except  that  it  is  smaller  and  more  compact ; 
posterior  to  this  is  another  nuclear-like  body,  varying  much  in  shape 
and  arrangement  of  chromatin  (Fig.  163,  c).  This  is  the  sexual 
chromidia. 

The  cytoplasm  appears  in  iron  hsematoxylin  stained  specimens  as 
finely  reticular.  It  contains  many  deeply  stained  granules.  There 
is  no  moutfi  opening.     Food  is  taken  in  by  osmosis. 

In  propagation,  the  two  types  just  described  develop  differently. 
The  first  or  ordinary  type  forms  round  division  cysts.  The  flagella 
disappear  and  a  delicate  cyst  membrane  is  formed.  The  increase 
in  the  size  of  the  nucleus  and  the  subsequent  division  may  be  fol- 
lowed in  life.  It  lasts  about  twenty  minutes.  After  a  single,  or 
more  seldom,  a  double  division  of  the  cell,  the  daughter  cells,  while 
still  within  the  cyst,  form  their  flagella,  become  very  motile,  finally 
break  the  cyst  wall  and  swim  out 

The  second  type  increases,  in  the  free  living  condition  by  longi- 
tudinal division.  The  basal  granules  divide,  the  principal  nucleus 
divides  by  mitotic  division,  the  chromidia,  by  amitosis.  This  all 
can  be  seen  in  hsematoxylin  preparations.  Sexual  division  in  this 
,  species  occurs  in  cysts  by  autogamy.  It  is  not  easily  followed  in 
life  because  of  the  high  refraction  of  the  cyst  The  changes  must 
therefore  be  studied  in  specimens  stained  with  iron  hsematoxylin. 

They  are  shortly  as  follows.  The  nucleus  becomes  larger  and 
about  its  membrane  appear  small  spheres  of  chromatin  whidi  finally 
leave  the  nucleus  and  gather  together,  forming  the  so-called  chromidial 
or  sexual  nucleus,  while  the  original  or  somatic  nucleus  gradually 
degenerates.  The  new  nucleus  divides  amitotically  into  two  daughter 
nuclei,  from  these  two  smaller  parts  are  then  separated,  as  reduction 
nuclei,  which  also  degenerate.  The  remaining  parts  of  the  two 
nuclei  increase  in  size  and  then  fuse  to  form  a  new  nucleus.  The 
organism  may  then  leave  the  cyst,  or  the  cyst  may  become  a  lasting 
cyst  and  serve  to  infect  a  new  host 

Besides  this  method  of  fructification  by  autogamy  in  a  cyst,  is 
seen,  though  seldom,  a  copulation  between  two  individuals  of  different 
sizes  which  afterwards  become  encysted  and  divide  into  2-16 
daughter  flagellates. 
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POLTMASTIGIDA. 

The  order  polymastigida  consists  of  flagellates  having  several 
flagella  projecting  from  different  parts  of  the  body.  The  majority 
of  the  forms  known  are  parasitic  in  certain  fish. 

Donne  in  1837  described  a  form  belonging  to  this  group  which  he 
found  in  the  human  vagina,  and  which  he  therefore  called  Tricho- 
monas vaginalis.  It  has  been  found  by  otiier  observers  to  be  a  fre- 
quent habitant  of  the  vagina  at  all  ages.  It  has  also  been  found 
a  few  times  in  the  acid  urine  of  males.^  The  mode  of  infection  of 
the  female  is  unknown.  The  body  of  the  parasite  at  rest  is  pear- 
shaped,  but  during  action  its  amoeboid  movements  cause  it  to  assume 
various  shapes.  The  size  varies  from  12fi.  to  25/*  long  and  Sfi-  to 
15/A  wide.  The  protoplasm  is  finely  granular,  excepting  for  two 
rows  of  larger  granules  which  begin  on  either  side  of  the  nucleus  and 
converge  posteriorly.  From  the  anterior  part  project  three  to  four 
flagella,  which  seem  to  begin  at  a  basal  thickening  near  to  or  con- 
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Trichomonas  vaginalis.     (Blochmann.) 


Laniblia  inteBiinalis.     (Schewiakoff.) 


nected  with  the  more  or  less  oval,  indistinctly  vesicular  nucleus. 
From  the  origin  of  the  flagella  an  undulating  membrane  extends 
backward.  The  body  also  seems  to  possess  a  certain  linear  structure 
connected  with  the  membrane.     Contractile  vacuoles  have  not  been 


seen. 


The  Trichomonas  hominis  Davaine,  found  frequently  in  the  hu- 
man alimentary  canal,  is  very  similar  to  the  Trichomonas  vaginalis, 
but  it  is  smaller  and  more  pear-shaped.  This  form  has  been  found 
often  in  acute  diarrhoeas,  but  no  causal  relation  between  it  and  the 
pathologic  process  has  been  shown. 

A  similar  form  has  been  seen  a  few  times  in  lung  gangrene,  as- 
piration pneumonia,  and  bronchiectasis. 

Lamhlia  intestinalis  (Lambl,  1859),  a  flagellate  belonging  to  this 
group,  parasitic  in  the  small  intestines  of  mice,  rats,  rabbits,  dogs, 
cats,  and  sheep,  has  also  been  found  occasionally  in  the  human  in- 
testines.    It  is  beet-shaped,  bilaterally  symmetrical,  lOfi.  to  21/*  long 

*  It  has  just  been  found  by  us  in  the  slightly  acid  urine  of  a  colored  woman, 
age  45,  suffering  from  acute  nephritis.    None  were  found  in  the  vagina  in  this  case. 
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and  5/A  to  12fi.  wide,  poesessing  flagella  9/*  to  14/t  long.  Anteriorly 
this  species  has  a  characteristic  concavity,  the  rim  of  which  seems  to 
be  contractile,  forming  a  sucking  apparatus.  The  eight  flagella  of 
the  organism  are  arranged  in  pairs:  one  anteriorly,  two  laterally, 
and  one  posteriorly.  The  nucleus  is  situated  anteriorly  and  has  a 
central  constriction.  The  protoplasm  of  the  body  is  thick  and  hya- 
lina  Contractile  vacuoles  have  not  been  seen.  Sdiaudinn  has 
recently  observed  encystment,  copulation,  and  complicated  nuclear 
changes  in  this  organism. 

Infection  follows  the  ingestion  of  the  cysts  with  unclean  food. 
The  parasites  fasten  themselves  to  the  free  surfaces  of  the  epithelial 
cells  by  their  sucking  apparatus,  but  seem  ta  exert  no  harmful  influ- 
ence on  their  hosts.  They  have  been  found  most  frequently  in  poor 
children  who  play  often  in  dirt  containing  the  cysts.  Repeated 
small  doses  of  calomel  will  cause  their  disappearance  from  the  fseces. 

CnJATA. 

The  CUidta  (Fig.  166)  belong  to  the  most  complex  of  the  pro- 
tozoa. They  possess  a  definite  entoplasm  containing  nuclei  and  food 
vacuoles,  and  a  definite  ectoplasm  containing  basal  granules  from 
which  arise  the  cilia  which  give  the  group  its  name.  They  have 
organoid  structures  which  receive  the  food,  and  some  have  definite 
mouth  openings  indeed,  and  definite  places  for  excreting  waste  prod- 
ucts. The  food  vacuoles  may  contain  acid  or  alkaline  digestive 
products.  The  nuclear  material  is  differentiated  into  two  forms,  a 
large  macronucleus  and  a  much  smaller  micronudeus.  The  function 
of  the  macronucleus  is  supposed  to  be  vegetative,  and  that  of  the 
micronudeus  reproductive.  The  macronucleus  varies  in  size  and 
shape  and  is  completely  filled  with  an  alveolar  chromatin.  The  micro- 
nucleus  also  varies  in  size  and  shape  but  unless  in  reproductive  phases 
is  generally  vesicular  in  structure,  with  the  chromatin  heaped  in  one 
mass.  Division  of  the  nuclei  takes  place  by  mitosis  in  the  case  of 
the  micronuclei,  and  by  amitosis,  as  a  rule,  in  the  case  of  the  macro- 
nuclei.     Under  unfavorable  conditions  the  ciliata  may  encyst 

Conjugation  is  necessary  to  the  life  activity  of  these  organisms. 
The  phenomena  of  conjugation  in  the  ciliata  has  been  well  worked 
out.  The  micronuclei  play  the  most  important  part,  whereas  the 
macronuclei  simply  break  up  and  disappear  in  the  protoplasm. 

According  to  the  arrangement  of  the  cilia  the  ciliata  are  divided 
into  the  four  orders  given  in  the  general  classification.  Among  these 
the  second,  the  order  of  the  Heterotricha,  interests  us.  In  the  Hetero- 
tricha  the  cilia  are  uniform  over  most  of  the  body,  while  a  special- 
ized set  fused  into  a  series  of  firm  vibratory  plates  are  found  about 
the  mouth. 

Only  one  genus  Balantidium,  has  been  observed  in  man. 

Balaniidium  coli  (Malmst,  1857).  The  body  of  this  infusorium 
is  egg-shaped,  with  a  funnel-shaped  mouth  opening.     The  surface 
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of  the  body  is  covered  with  a  pellicula,  under  which  is  a  distinct 
ectoplasm  a  tic  shealii  containing  rows  of  basal  granules  from  which 
the  short,  fine  cilia  arise. 

The  cloudy  entoplasm  contains  fat  and  starch  granules  and  may 
contain  many  red  blood  cells  and  other  food  particles  from  the  host 
Two  contractile  vacuoles  have  been  seen.  Posteriorly  there  is  a 
small  prominence  marking  the  place  where  excreta  are  expelled.  The 
chromatic  macronucleus  is  bean-shaped,  and  the  vesicular  micronu- 
cleus  is  nearly  spherical. 

Division  is  transverse,  the  macronucleus  dividing  by  simple  con- 
striction and  the  micronucleus  by  mitosis.  Conjugation  has  been 
observed.  Spherical  cysts  surrounded  by  a  thick  membrane  are 
formed. 

The  Balantidium  coli  has  been  found  in  the  large  intestine  of  hu- 
man beings  and  of  swine — probably  two  distinct  varieties.     The 
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Balantidium  coli:    1,  2,  stages  of  division ;  3,  conjugation.     (After  Leuckart) 

variety  occurring  in  human  beings  has  been  found  in  about  60  cases, 
principally  in  Sweden,  but  also  in  Kussia,  Scandinavia,  Finland, 
China,  Italy,  Germany,  and  the  United  States.  Most  of  these  cases 
were  suffering  from  severe  chronic  intestinal  catarrh,  often  accom- 
panied by  bloody  diarrhoea.  A  number  of  observers  think  the  balan- 
tidium the  primary  cause  of  the  catarrh,  others  think  it  a  secondary 
excitant,  while  still  others  believe  it  to  be  a  harmless  inhabitant  of 
the  intestines. 

Schaudinn  has  described  two  additional  species  of  balantidium 
found  in  the  human  intestines,  which  he  has  called  respectively  Balarir 
tidium  minutum  and  Nyctootherus  fdba,,  probably  both  non-pathogenic. 


THE  SPOBOZOA. 

The  Sporozoa  are  a  group  of  exclusively  parasitic  protozoa  of  very 
widespread  occurrence,  living  in  the  cells  tissues,  and  cavities  of 
animals  of  every  class.     Generally  they  are  harmless,  but  some  vari- 
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DiJscuiPTioN  OF  Fio.  167.  (After  Scbnudlnn.) 
The. life  cycle  of  Eimeria  achubergi.  I  to  VII  represent  the  asexual  reproduction  or 
schizogony,  commencing  with  infection  of  an  epithelial  cell  by  a  merozoite  or  a  sporo- 
zolte ;  the  merozoite  after  stage  VII  may  start  again  at  stage.  II,  as  indicated  by  the 
arrows,  or  it  may  go  on  to  the  formation  of  gametocytes  JIX  to  XII).  IX  to  XIV 
represent  the  sexual  generation,  the  line  of  development  becoming  split  into  two  lines — 
male  S  ^^^  female  9 '  culminating  In  the  highly  differentiated  gametes,  which  conjugate 
and  become  again  a  single  line,  shown  in  XIV  and  XV,    The  zygote  thus  formed  goes 
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eties  may  produce  pathologic  changes  and  even  fatal  diseases  bdverely 
epidemic. 

As  their  name  indicates,  they  are  all  characterized  by  reproduction 
through  spore  formation,  but  they  exhibit  the  utmost  diversity  of 
structural  and  developmental  characteristics.  As  a  rule,  each  species 
is  parasitic  on  one  kind  of  tissue  of  a  particular  species  of  host  They 
are  generally  taken  into  the  system  in  the  spore  stage  either  (1)  with 
the  food  of  the  host,  (2)  by  the  bites  of  insects,  or  (3)  by  inhalation. 
The  spore  membranes  are  dissolved  by  the  fluids  of  the  host,  and  thus 
one  or  more  germs  or  sporozoites  are  set  free  to  bore  into  the  special 
cells  of  the  host.  Here  they  grow,  some  remaining  permanently  in- 
tracellular, others  only  in  the  young  stages.  The  latter  either  pass 
different  phases  of  their  more  or  less  complicated  life  history  in 
different  parts  of  the  body  of  one  and  the  same  host,  or  they  pass 
8onl6  phases  of  their  life  cycle  in  the  cells  of  an  intermediate  host 

The  sporozoa  vary  widely  in  size  as  well  as  in  other  characteristics. 
From  the  smallest,  several  of  which  can  be  contained  in  a  single  blood 
cell,  there  are  all  gradations  in  size  up  to  those  that  may  be  seen  by 
the  naked  eye  {Porospora  gigcmtea,  16  mm.). 

Besides  being  characterized  by  the  power  to  produce  more  or  less 
resisting  spores,  the  sporozoa  are  also  characterized  by  the  fact  that 
as  a  class  they  possess  none  of  the  special  organs  found  in  other  pro- 
tozoa for  ingesting  or  digesting  solids.  Many  develop  flagella  during 
sexual  phases  or  show  amceboid  movement  during  certain  stages  of 
their  life  cycle,  but  the  flagella  and  pseudopodia  are  organs  of  loco- 
motion and  not  of  nutrition.  Food  vacuoles  or  contractile  vacuoles 
have  not  been  found. 

The  life  cycle  of  a  typical  sporozoan  is  represented  after  Schau- 
dinn  in  Fig.  167. 

A  somewhat  similar  cycle  may  be  followed  in  the  study  of  the  Coc- 
cidium  cunicidi  of  the  rabbit,  a  description  of  whidi  is  given  below. 
The  other  forms  in  this  group,  which  are  parasitic  in  man,  or  whidi 

on  to  the  production  of  spores,  XVI  to  XX.  I  to  TV  represent  epithelial  cells  showing 
penetration  of  a  merozoite  or  a  sporocolte  and  its  change  into  a  schicout.  V,  the 
nucleus  of  the  schizout  dividing.  VI,  numerous  daughter-nuclei  in  the  schisout.  VII, 
segmentation  of  the  schizout  into  numerous  merozoites,  about  a  central  mass  of 
residual  protoplasm,  which  in  this  figure  is  hidden  by  the  merozoites.  VIII,  mero- 
zoite passing  to  reinfect  host  cell  and  repeat  the  process  of  schizogony.  IX,  X,  mero- 
zoites to  be  differentiated  into  male  and  female  gametocytes.  XIa  and  Xlla,  the  two 
gametocytes  within  a  host  cell ;  the  microgametocyte  (  ^ )  has  fine  granulations ;  the 
macrogametocyte  ( 9 )  ^^^  coarse  granulations.  Xlh,  an  immature  female  gametocyte 
within  a  host  cell.  XIc,  a  female  gametocyte  undergoing  maturation,  still  In  the  host 
cell.  XIII,  mature  macrogamete,  freed  from  the  host  cell,  and  sending  a  cone  of  recep- 
tion toward  an  approaching  microgamete.  Xllb,  a  full-grown  microgametocyte  within 
a  host  cell.  In  XIIc  the  nucleus  of  the  microgametocyte  has  divided  up  to  form  a 
great  number  of  daughter-nuclei.  In  Xlld  the  nuclei  of  the  last  stage  have  become 
mlcrogametes,  each  with  two  flagella.  Xlle,  represents  the  free  microgametes,  swim- 
ming to  find  a  macrognodete.  XlV,  the  zygote  (fertilized  macrogamete),  surrounded 
by  a  tough  membrane  or  oocyst,  which  allows  no  more  mlcrogametes  to  enter,  and  con- 
taining the  female  chromatin,  which  is  taking  the  form  of  a  spindle,  and  the  male 
chromatin  in  a  compact  lump.  XV,  the  chromatin  from  these  two  sources  united  and 
no  longer  distinguishable  as  male  and  female.  XVI,  the  nucleus  of  the  zygote  dividing 
In  XVII  four  daughter-nuclei  are  formed — the  nuclei  of  the  sporoblasts.  In  XVIli 
the  four  sporoblasts  become  distinct,  leaving  a  small  quantity  of  residual  protoplasm : 
each  sporoblast  has  formed  a  membrane,  the  sporocyst  In  XIX  within  each  sporocyst 
two  sporozoites  have  been  found  about  a  sporal  residuum.  In  XX,  the  sporozoites 
becoming  free  by  bursting  the  sporocysts,  pass  out  through  an  aperture,  in  the  wall 
of  the  oocyst,  and  are  ready  to  enter  the  epithelial  cells  of  the  host     (From  Lang.) 
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are  of  some  medical  interest,  are  a  number  of  not  fully  studied 
Coccidia,  Nosema,  Sarcocystis  and  Plasmodium  m^UaricB  and  its 
allies. 

Material  for  Olaas  Study.— Rabbits  infected  with  Coccidium  cuniculi  are 
often  found,  and  the  whole  course  of  the  infection  may  be  followed  with  more 
or  less  ease. 

A  certain  amount  of  development  may  be  watched  in  hanging  drops  of 
salt  solution  emulsions.  Sections  and  smears  are  prepared  as  described 
on  p.  521. 

The  cysts  are  stained  with  difficulty.  It  is  recommended  that  a  thin  solu- 
tion of  Delafield's  or  Grenacher's  hematoxylin  be  used  for  twenty-four 
hours  followed  by  eosin.  Heidenhain's  iron  haamatoxylin  stain  (p.  522)  fol- 
lowed by  Bordeaux  red  is  especially  good  for  sections. 

GOCGIDIUM  OXJNIOULI  (RIVOLTA,  1878). 

The  Coccidium  cwnicvli  is  a  frequent  parasite  of  the  rabbit. 
Young  rabbits  are  especially  susceptible,  and  extensive  epidemics 
may  occur  in  breeding  houses.  The  symptoms  are  fever,  diarriioea, 
yellowish  mucous  discharge  from  the  nose  and  mouth,  and  progres- 
sive wasting.     The  liver  is  much  enlarged  and  shows  throu^out  its 

Fig.  168 


Showing  spore  formation  In  Coccidium  cuniculi  from  the  llrer  of  the  rabbit :  a  and  h, 
young  stage  In  the  epithelial  cells  of  the  gall-ducts  (the  small  oral  Is  the  cell  nucleus)  ; 
o,  d,  and  e,  the  fertilized  oOcyst;  In  d  the  protoplasm  Is  beginning  to  shrink  away  from 
the  cyst  wall,  and  In  e  It  has  contracted  Into  a  spherical  form:  /,  segmentation  into 
four  sporoblasts;  g,  elongation  of  the  sporoblasts  to  form  spores;  h,  four  complete 
spores  In  the  oOcyst ;  i,  single  spore  more  highly  magnified,  showing  the  two  sporozoltes 
and  a  small  quantity  of  residual  protoplasm.  The  life  cycle  has  been  fully  worked  out 
by  Simon.     (After  Balblanl,  from  Doflein.) 

substance  variously  sized  gray-white  tubercles,  generally  surrounded 
by  a  capsule,  and  containing  a  slimy  mass  of  degenerated  host  cells, 
in  which  are  embedded  the  parasites.  The  parasites  are  also  foun(i 
in  the  faeces  and  in  the  epithelial  cells  of  the  intestines,  gall-ducts, 
and  liver.  The  acute  stage  of  the  disease  lasts  about  three  weeks. 
The  contents  of  the  ooocidial  tumors  in  animals  that  have  withstood 
the  infection  may  later  be  emptied,  leaving  only  a  mass  of  cicjatricial 
tissue.  In  such  animals  the  oocysts  may  remain  for  a  long  time  in 
the  gall-bladder  and  intestines,  and  by  passing  out  gradually  with 
the  fseces  may  provide  a  source  of  infection  for  other  animals.  The 
infection  is  carried  by  food  soiled  with  cyst-containing  faeces.  The 
cysts  pass  with  the  food  into  the  stomach,  where  the  cyst  wall  and  the 
spore  sac  are  destroyed  and  the  sporozoites  are  set  free.  The  motile 
sporozoites  pass  through  the  ductus  choledochus  into  the  liver,  some 
probably  passing  into  the  intestines  and  infecting  the  cells  directly, 
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a  later  infection  of  the  intestines  occurring  from  forms  developed  in 
the  liver.  The  organism  develops  within  the  epithelial  cells  of  the 
liver  and  gall-ducts  until  the  cells  are  finally  broken  down  and  tissue 
cysts  are  formed,  within  which,  after  more  or  less  complicated 
changes,  cysts  of  the  parasite  are  again  formed. 

A  few  cases  of  human  infection  of  the  liver  with  the  Coccidium 
cumctdi  have  been  reported.  The  Coccidium  hominis  Rivolta  found 
a  few  times  in  the  human  intestines,  as  well  as  similar  coccidia  found 
in  the  intestines  of  lower  animals,  may  belong  to  the  same  species. 

Coccidium  bigemdmmt  (Stiles)  is  found  in  the  fseces  of  dogs,  cats, 
polecats,  and  possibly  human  beings.  The  organism  is  character- 
ized by  the  division  of  the  oocyst  into  two  united  cysts,  containing 
four  spores.  The  size  is  8/*  to  15 fi.  The  life  cycle  is  not  well 
known. 

Rhinosporidvum  Kinedlyi  is  the  name  given  by  Minchin  and  Fan- 
tham  (1905)  to  a  probable  sporozoan  found  in  the  nasal  mucous 
membrane  of  certain  cases  from  India  that  were  troubled  with 
hemorrhagic  nasal  polyps.  Nais  reported  four  similar  cases  and 
Beattie  another  in  1906. 

MYXOSPOBIDIA. 

The  Myxosporidia  belong  to  one  of  the  most  populous  and  abundant 
groups  of  the  sporozoa,  showing  great  structural  variation  as  well  as 
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Voaema  homhycia;  1  to  5,  spore  formation;  6,  infected  follicle  of  testicle;  7,  spores: 
a,  J),  fresh ;  c,  d,  treated  with  nitric  acid.  The  acid  causes  them  to  swell  np  and  ln> 
crease  in  size  by  at  least  a  half,  at  the  same  time  making  the  polar  capsule  distinct. 
In  d  the  filament  Is  extruded.     (After  Balbianl.) 

divergence  in  mode  of  life.  Nevertheless  the  members  have,  as  a 
group,  the  following  well-marked  characteristics :  The  trophozoite  is 
ameboid ;  spore  formation  begins  at  an  early  period  and  proceeds  con- 
tinuously during  the  growth  of  the  trophozoite ;  the  spores  are  pro- 
duced endogenously — i.  e.,  within  the  protoplasm  of  the  trophozoite, 
and  each  spore  always  possesses  one  or  more  very  distinctive  struc- 
tures, "  the  polar  capsules." 
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The  myxoeporidia  arc  habitants  of  fishes,  reptiles,  arthropods, 
and  some  other  classes  of  animals.  They  infest  especially  arthropods, 
causing  often  most  virulent  epidemics.  The  most  interesting  mem- 
ber of  this  group  is  Nosema  bombycis,  the  cause  of  silkworm  disease 
(Pebrine).  The  organism  forms  many  small  spores  each  with  one 
polar  capsule.  The  spores  which  are  carried  by  the  food  into  the  in- 
testinal canal  of  the  caterpillar,  pass  through  the  walls  of  the  intes- 
tines, and  infect  all  organs.  Spores  found  in  the  ovary  may  be  carried 
over  to  the  newly  hatched  silkworms,  thus  causing  a  further  dissemi- 
nation of  the  disease. 

The  other  member  of  this  group,  of  interest  here,  is  Nasema  lophii 
(Doflein).  Its  interest  lies  in  the  fact  that  it  has  been  found  to  in- 
fect only  the  ganglion  cells  of  the  sea-devil,  thus  apparently  resemb- 
ling in  its  parasitic  nature  the  organism  causing  hydrophobia, 

8ABC08P0BIDIA.1 

This  order  is  very  little  known  but  considering  the  fact  that  through  eating 
uncooked  infected  meat,  it  may  be  found  in  man,  though  rarely,  its  chief 
characteristics  should  be  noted  here. 

The  Sarcosporidia  are  parasites  of  the  striped  muscles  or  connective  tissue 
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8arcocy8ti8  tcnetla  in  a  muBcle  cell  of  a  sheep,  from  the  striped  muscle  of  a  swine.  A 
full  grown  cyst,  showing  radiately  striped  membrane,  which  is  broken  on  right  side. 
Bertram. 

Sarcocystis  miescheri.  a,  small  cells  from  a  cell  group,  b,  loosening  of  the  proto- 
plasm from  the  cell  wall,  c,  d,  sickle-shaped  bodies  (sporozoites)  formed  from  the 
small  cells.     (From  Wasielewski. )     Manz. 

of  some  of  the  warm-blooded  vertebrates  (various  birds  and  mammals).  They 
are  found  in  the  adult  state  in  elongated  sacs  known  as  "Rainey's"  or 
'' Miescher^s  Tubes."     (Fig.  170.) 

The  trophozoite  is  a  motionless  elongated  body,  limited  by  a  cuticle  grow- 
ing into  a  complicated  structure.     Spore-formation  begins  at  an  early  stage 

'  This  account  is  taken  chiefly  from  Mincbin  's  article  on  the  Sporozoa  in  Baj 
Jsester,  **A  Treati^  on  Zoology,**  Part  L    Second  Fascicle.    London,  1903. 
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and  proceeds  during  the  growth  of  the  trophozoite  (Neosporidia)  which  may 
become  very  large.  The  spores,  which  are  many,  are  minute  sickle-shaped 
or  spindle-shaped  mononucleate  bodies  with  a  delicate  envelope  and  at  one 
pole  an  oval  striated  body  which  represents  the  polar  capsule  found  in  the 
myxosporidia.     (Fig.  171.) 

In  some  cases  the  cyst  wall  calcifies  and  the  contents  of  the  cyst  degen- 
erate, with  apparently  no  harm  to  the  host,  in  other  cases  the  cysts  burst 
and  their  contents  spread  into  the  surrounding  tissue,  producing  abscesses 
and  tumors  as  with  many  myxosporidia  and  sometimes  causing  the  death  of 
the  host. 

The  symptoms  of  sarcosporidiosis  in  the  pig  are  paralysis  of  the  hind 
extremities,  a  skin  eruption,  and  general  systemic  symptoms,  as  increased 
temperature  and  pulse. 

In  sheep  especially,  the  disease  often  causes  fatal  epidemics.  In  the  mouse, 
Sarcocyatis  muris  is  a  deadly  parasite. 

Laveran  and  Mesnil  claim  to  have  extracted  a  toxin  (Sarcocystin)  by 
means  of  glycerine  or  salt  solution,  which  they  have  found  extremely  toxic 
for  experimental  animals.  (0.0001  gm.  kills  1  kgm.  of  rabbit.)  The  dried 
and  powdered  extrncts  are  also  virulent.  These  extracts  will  remain  virulent 
for  a  long  time  in  the  ice  box  but  will  not  withstand  heating  above  60**  for 
any  time. 

Literature. 
Laveran  and  Mesnil,  1899. 
Th.  Smith.    Joum.  Exp.  Med.,  1901,  VI,  1. 


CHAPTER  XLV. 
THE  MALARIAL  ORGANISMS. 

Introdaction. — The  malarial  organisms  are  a  group  of  protozoan 
parasites  divided  into  two  genera,  Plasmodium  and  Laverania,  which 
are  classed  with  the  sporozoa  under  the  order  hemosporidia. 

Hartmann  thinks  that  this  group  should  be  placed  in  the  new  order  Binu- 
cleata  which  he  has  created  under  the  FlageUata.  He  considers  that  they 
have  lost  by  their  endo-globular  parasitism  most  of  the  chuacteristics  of  this 
order,  but  that  in  a  few  stages,  he  points  out,  they  still  show  the  flagellar  and 
binucleate  phases,  two  of  the  most  important  characteristics  of  this  order. 

These  microorganisms  are  now  universally  acknowledged  to  be 
the  sole  cause  of  a  definite  group  of  specific  infectious  fevers  in  man 
called  by  the  somewhat  misleading  term  malaria,  a  term  which  signi- 
fies "bad  air." 

The  malarial  organisms  are  transmitted  by  mosquitoes  of  the  genus 
Anopheles,  and  this  is  the  only  means  of  transmission  so  far  known. 
A  part  of  the  life  cycle  of  the  organisms  is  carried  on  in  the  body 
of  the  mosquito,  said  to  be  the  primary  or  sexual  cycle,  while  the 
asexual  cyGle  takes  place  in  man.  The  parasites  are  found  in  man 
within  and  upon  the  red  blood  corpuscles  which  they  finally  destroy, 
thus  producing  the  aneemia  and  pigment  granules  peculiar  to  malar- 
ial fevers. 

Historical  Note. — The  fevers  caused  by  these  organisms  were  recognized 
and  studied  as  early  as  400  B.  C,  but  it  was  not  until  1880  that  the  true 
nature  of  the  dancing  pigment  which  had  been  observed  long  before,  was 
determined.  At  that  time  Laveran  announced  that  he  had  discovered  a 
parasite  in  the  blood  which  he  claimed  was  the  cause  of  the  disease  and  he 
published  a  good  description  of  several  of  the  stages  in  the  life  of  the  organ- 
ism. The  public  remained  at  first  almost  entirely  unconvinced  of  the  para- 
sitic nature  of  these  bodies.  Many  still  believed  that  the  bacillus  described 
shortly  before  by  Klebs  was  the  cause  of  the  fevers.  Among  others,  Marchia- 
fava  and  Celli  in  Italy  believed  that  Laveran's  parasites  represented  areas 
of  degeneration  within  the  red  blood  cells  though  Laveran  himself  demon- 
strated the  organisms  to  them.  When  they  began,  however,  to  study  the 
fresh  tissue  themselves  they  changed  their  opinions  and  later  they  published 
a  number  of  valuable  contributions  on  this  subject.  They  gave  the  organism 
described  by  them  the  inappropriate  name  Plasmodium  malari€e.  Laveran's 
researches  were  later  confirmed  by  many  other  observers,  and  though  not  all 
of  Koch's  laws  have  been  verified  in  this  case,  the  fact  that  a  protozoan,  the 
Plasmodium,  causes  malaria  is  accepted  as  proved. 

In  1885  Golgi  showed  that  quartan  fever  depends  upon  a  specific  form  of 
the  parasite,  and  that  the  malarial  paroxysm  always  coincides  with  the 
sporulation  or  segmentation  of  a  group  of  parasites.  -  Thus,  in  a  single  in- 
fection with  the  quartan  variety,  a  paroxysm  occurs  every  fourth  day,  with 
a  triple  infection  on  successive  days;  segmentation  with  its  accompanying 
paroxysm  occurs  daily.  Golgi  and  others  soon  showed  that  tertian  fever  and 
fBstivo-autumnal  fevers  were  each  due  to  a  distinct  variety  of  the  plas- 
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modimn.  These  varieties  are  at  present  regarded  as  distinct  genera.  Coun- 
cilman first  called  attention  to  the  diagnostic  value  of  the  different  forms 
which  appear  in  the  blood. 

Though  it  had  been  thought  for  nearly  2000  years  that  malaria  is  trans- 
mitted by  insects,  the  question  was  not  definitely  settled  until  Ross  in  1900 
clearly  demonstrated  that  the  hiematozoa  of  birds  were  transmitted  by  a 
certain  species  of  mosquito.  These  investigations  of  Ross  were  soon  con- 
firmed by  Grassi;  Bignami  and  others.  MacCallum's  observations  on  the 
sexual  forms  of  halteridium  were  a  great  advance  and  Bignami,  Grassi  and 
others  soon  proved  that  all  varieties  of  malarial  fevers  are  transmitted  from 
man  to  man  by  mosquitoes  of  the  genus  Anopheles. 

The  Parasite. — Three  species  of  malarial  organisms  in  man  have 
been  described.  Plasmodium  vivax  (tertian  parasite),  Plasmodium 
malaruB  (quartan  parasite),  and  Laverania  mala/ricB  (sestivo-autum- 
nal  parasite).  The  last  species  has  been  divided  by  certain  authors 
into  2  varieties,  a  quotidian  and  a  tertian. 

Paihogenefds.  In  Lower  Animals. — ^No  malarial  organisms  like  those  found 
in  man  have  been  found  in  any  of  the  lower  animals  except  the  ape  and  the 
mosquito.  Some  related  forms  described  below  have  been  found  in  birds, 
bats,  cattle  and  dogs. 

In  Man. — As  the  organism  grows  at  the  expense  of  the  red  blood  cells  the 
principal  change  is  in  the  blood.  MelansBmia,  or  the  formation  of  pigment 
granules  from  the  destroyed  red  blood  cells  is  one  of  the  most  characteristic 
features  of  malaria.  As  the  disease  progresses  the  red  corpuscles  show 
varying  changes  in  form  and  hsemaglobin  content,  not  only  the  infected 
corpuscles  but  others  as  well,  thus  showing  that  the  organism  produces 
either  primarily  or  secondarily  some  toxic  substances.  The  nature  of  these 
substances  is  unknown.  The  pigment  occurs  in  two  forms,  melanin  and 
haemosiderin.  The  second  only  gives  the  reaction  for  iron  and  is  found  in  the 
internal  organs,  while  the  first  is  found  everywhere  in  the  circulating  blood. 
The  pigment  is  taken  up  by  the  leucocytes.  There  is  usually  a  definite  reduc- 
tion of  both  red  and  white  blood  corpuscles,  which  is  more  marked  in  tertian 
and  quartan  malaria  than  in  SBstivo-autumnal.  There  is  a  relative  increase 
in  the  number  of  mononuclear  leucocytes.  The  spleen  shows  hyperplastic 
inflammation. 

After  death,  which  sometimes  takes  place  in  cases  of  pernicious  sdstivo- 
autunmal  fever,  there  are  scattered  areas  of  intense  congestion  and  of 
parenchymatous  inflammation  in  the  various  internal  organs,  together  with 
the  presence  of  large  numbers  of  the  parasite. 

Generalities  of  Cycle. — A  young,  amoeboid,  colorless,  more  or  less 
rounded  parasite,  measuring  approximately  two  microns  in  diameter, 
is  seen  attadied  to  a  red  corpuscle.  After  a  certain  length  of  time, 
usually  a  few  hours  later,  granules  or  rodlets  of  pigment  make  their 
appearance;  these  granules  represent  the  hemoglobin  on  which  the 
parasite  has  been  feeding,  which  is  now  transformed  into  what  is 
conmionly  termed  melanin.  They  will  be  seen  to  be  in  passive 
motion,  the  degree  of  motility  depending  upon  the  currents  in  the 
protoplasm  in  which  they  are  embedded,  and  they  vary  in  the  differ- 
ent varieties  and  at  different  stages  of  the  asexual  piiase.  After  a 
further  lapse  of  time  this  pigment  is  seen  to  gather  centrally  and 
evidences  of  cell  division  can  then  be  made  out;  there  may  be  a  dis- 
tinct rosette-like  arrangement  or  not  The  next  step  is  the  breaking 
up  of  the  parasite  into  segments  free  from  pigment  The  further 
observation  of  these  segments,  each  of  which  represents  a  young  para- 
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site,  identical  with  the  young  form  from  which  its  progenitor  was 
built  up,  is  a  matter  of  difficulty. 

In  the  blood  stream  it  is  but  rarely  seen  free  in  the  plasma,  and  it 
would  appear  that  it  rapidly  attaches  itself  to  a  neighboring  corpuscle. 
That  would  tend  to  explain  the  fact  that  in  certain  forms  of  malaria 
it  is  not  an  uncommon  thing  to  find  several  parasites  in  one  cor- 
puscle ;  this  is  seen  especially  in  those  cases  where  segmentation  takes 
place  in  the  bone-marrow,  and  where,  on  account  of  the  absence  of 
the  velocity  of  the  blood-stream,  the  parasites  are  less  apt  to  be  scat- 
tered than  in  the  circulating  blood. 

It  is  to  be  remembered  that  the  process  of  growth  and  division 
cannot  be  readily  observed  in  all  the  forms  of  mjJaria  because  certain 
parasites  complete  their  asexual  cyde  in  the  viscera,  chiefly  also,  it 
seems,  in  the  bone-marrow  and  spleen. 

PlaBmodiuin  Vivax,  the  Parasite  of  Tertian  Ague.  The  Asexual 
Cycle  (Schizogony)  Occurring  in  the  Blood  of  Man. — (For  whole 
cycle  see  Plate  III.) 

The  young  form  is  more  difficult  to  find  and  to  recognize  than  any 
of  the  other  forms.  A  pale  area  is  seen  on  an  otherwise  unaltered 
red  corpuscle,  situated  usually  eccentrically,  about  one-tenth  the  size 
of  the  red  corpuscle  or  about  one-fourth  its  diameter,  when  at  rest 
presenting  a  rounded  appearance,  usually  actively  amoeboid,  throw- 
ing out  pseudopodia  which  are  distinct^  never  remaining  long  in  the 
same  focal  plane,  frequently  dipping,  so  to  speak,  into  the  substance 
of  the  corpuscle.  It  is  often  called  the  hyaline  form  because  it  is 
free  from  pigment,  but  it  is  not  hyaline  in  the  proper  sense  of  the 
term.  It  is  also  called  the  ring  form,  because  of  its  resemblance  to 
a  ring  in  stained  preparations ;  but  it  is  never  a  true  ring.  The  ring 
appearance  is  produced  by  the  formation  of  a  large  food  vacuole. 

The  forms  intermediate  between  this  and  the  segmentation  stage 
are  simply  larger  parasites,  which  are  readily  found  on  account  of 
the  reddish-brown  pigment  granules  which  they  contain.  These 
granules  begin  to  appear  about  six  hours  after  the  organism  has 
infected  the  red  blood  cell.  At  this  time  the  organism  is  actively 
amoeboid  and  the  granules  have  a  lively  dancing  motion,  due  to  pro- 
toplasmic currents  in  the  parasite. 

The  infected  corpuscle  is  swollen  and  paler.  Toward  the  end  of 
thirty-six  hours  the  parasite  has  approached  nearly  to  its  full  growth 
and  occupies  the  greater  portion  of  the  corpuscle,  which  is  now  more 
difficult  to  make  out.  The  pigment  is  still  more  evident,  so  that 
this  form  is  therefore  most  readily  found.  At  this  stage  amoeboid 
movements  are  not  so  active.  Full  growth  is  reached  in  forty-eight 
hours,  at  the  end  of  which  time  segmentation  occurs. 

The  morphologic  changes  which  have  been  going  on  in  the  parasite 
are  best  studied  in  properly  stained  smear  preparations.  They  be- 
come presently  sufficiently  distinct  to  be  followed  in  the  living  para- 
site ;  the  pigment  gathers  more  or  less  centrally  into  a  compact  mass, 
and  a  peripheral  notching  indicates  that  the  parasite  is  preparing 
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Life-cycle  of  Plasmodium  Vivax.    (After  Grassi  and  Schaudinn.) 

The  human  cycle  is  above  the  transverse  line,  somewhat  rearranged  by  Kis^kalt  and  Hartmann. 
The  cycle  in  the  mosquito  is  beneath.  1  to  7,  schisogony;  1,  sporosoite;  2,  entrance  of  the  sporoxoite: 
3  and  4,  growth  of  the  schixont;  5  and  6,  nuclear  division  of  the  schisont;  7,  formation  of  the 
merozoites;  8.  merozoites;  9a  to  12a,  growth  of  the  macrogametocyte;  9b  to  12b,  growth  of  the  micro- 
gametocyte;  13c  to  17c,  parthenogenesis  of  the  maorosametocyte;  13a  and  14a,  maturation  of  the 
macrogamete;  13b  and  14b.  growth  of  the  microgamete;  15b,  microptmete;  16,  fructification;  17, 
oOldnet;  18  to  20,  entrance  of  the  odkinet  into  the  stomach  wall  of  the  mosquito;  20to25,sporogony; 
22  and  23,  nuclear  multiplication  in  the  sporont;  24  and  25,  formation  of  the  sporosoites;  26.  passage 
of  the  sporozoites  to  the  salivary  gland;  27,  salivary  gland  of  the  mosquito  with  sporoxoites.  (Vergr. 
1  to  17c.  1200  to  1,  18  to  27c.  600  to  1.) 
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to  divide  into  a  number  of  segments ;  the  number  of  segments  varies 
even  in  perfectly  typical  acute  cases,  but  from  twelve  to  twenty 
may  be  counted  as  soon  as  the  parasite  has  become  fully  mature.  As 
a  rule,  there  are  two  more  or  less  regular  rows  of  segments,  but  often 
there  is  no  regularity  in  the  arrangement  The  segments  contain 
no  pigment  Suddenly  these  spheroidal  segments  or  merozoites 
separate  from  each  other;  a  corpuscular  renmant  and  the  pigment 
float  away  and  are  ultimately  carried  to  the  spleen.  Phagocytic 
cells  ingest  these  pigment  masses.  The  young  parasites  attach  them- 
selves to  red  corpuscles  as  already  stated.  The  mature  tertian  para- 
site is  usually  larger  than  a  red  corpuscle. 

The  varying  number  of  segments  is  possibly  accounted  for  by  the 
difference  in  size,  age,  and  the  constitution  of  the  infected  corpuscles. 
Later,  when  the  blood  may  have  formed  antibodies,  irregularities 
are  still  more  readily  explained.  A  certain  number  /of  the  full- 
grown  parasites  do  not  segment  and  these  are  the  forms  whidi  com- 
mence the  life  cycle  in  the  mosquito.  If  suitable  smears  are  made 
from  blood  containing  such  tertiaii  organisms  the  life  cycle  can  be 
studied  much  more  closely. 

The  making  of  these  smears  is  a  simple  matter.  There  are  the  cover-glass 
and  the  slide  methods,  both  of  which  have  their  peculiat  advantages.  To 
make  a  cover-glass  preparation,  two  square,  very  thin  (hen6e  flexible)  cover- 
glasses  are  cleaned.  Holding  one  with  thmnb  and  index  Angers  by  opposite 
comers,  the  tip  of  a  drop  of  blood  obtained  by  needle  puncture  of  finger  or 
lobe  of  ear  is  made  to  touch  the  centre  of  the  cover-glass,  and  the  second  clean 
cover-glass  held  similarly  is  allowed  to  fall  upon  the  flrst  one  in  such  ia  man- 
ner that  the  comers  do  not  coincide.  The  blood  droplet  spreads  by  capillarity 
into  a  thin'  film,  which  is  a  sign  to  pull  the  two  covers  apart  in  the  plane  in 
which  they  lie;  good  results  depend  upon  cleanliness,  rapidity,  and  success 
in  sliding  the  two  covers  apart. 

A  similar  way  is  to  polish  two  slides.  The  tip  of  the  exuded  blood  drop  is 
made  to  touch  one  sli^e  near  one  end  and  the  edge  of  the  second  slide,  held  at 
an  acute  angle  to  the  first  one,  is  made  to  bisect  the  drop,  which  will  spread 
at  the  point  of  contact  by  capillarity  across  the  slide.  Upon  pulling  the 
second  or  spreading  slide  over  thie  first  slide,  never  changing  the  angle  and 
applying  gentle  pressure,  a  thin  layer  of  blood  suitable  for  examination  will 
be  formed.  A  slide  made  in  this  manner  should  be  dried  immediately  by 
agitation  in  the  air.  It  may  then  be  fixed  and  stained  in  various  ways.  Gold- 
hom  recommends  a  modification  of  a  method  devised  by  him  in  1900,  whi<5h 
is  given  here  below,  together  with  some  others. 

In  a  suitably  stained  preparation  (using  a  chromatin  dye)  the 
young  parasite  appears  to  be  a  disk  consisting  of  a  central  pale, 
unstained  area,  known  as  the  achromatic  zone,  and  of  a  basic  (blue) 
periphery,  the  body,  including  a  melachromatically  stained,  rounded, 
compact  (red)  chromatin  mass,  the  nucleus,  which  tends  to  give  the 
parasite  the  form  of  a  signet  ring. 

Later  stages  up  to  a  certain  number  of  hours  show  simply 
changes  in  size  and  outline  of  the  body.  The  nucleus  then  divides 
by  simple  mitosis.  Later  it  breaks  up  by  amitotic  division  into 
an  increasing  number  of  angular  pieces.  By  the  time  that  chroma- 
tin division  is  completed,  the  angular  chromatin  masses  will  have 
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assumed  a  rounded  form,  and  will  be  seen  to  exhibit  ultimately  the 
same  strong  affinity  for  certain  dyes  which  is  seen  in  the  compact 
chromatin  body  of  the  yoimg  ring-like  form.  At  this  stage  the  here- 
tofore scattered  pigment  appears  in  one  climip.  Good  technique  wiU 
always  show  a  corpuscular  remnant  even  at  this  time.  The  achro- 
matic zone  mentioned  will  be  seen  to  develop  with  the  chromatin, 
and  when  the  next  step,  namely,  the  division  of  the  body  of  the  para- 
site, is  seen  to  be  completed,  there  will  be  as  many  achromatic  bodies 
as  there  are  chromatin  bodies,  each  having  an  equal  share  of  the 
basic  mother-body,  each  representing  a  young  parasite.  These  young 
parasites  or  merozoites  next  escape  into  the  plasma  from  their  en- 
velope or  whatever  substance  may  have  held  them  together,  and  attack 
without  delay  other  corpuscles. 

The  technique  reconunended  below  shows  that  the  infected  cor- 
puscle early  undergoes  a  granular  degeneration,  which,  curiously 
enough,  in  the  first  few  hours  resembles  the  ordinary  granular  stroma 
degeneration  with  basic  affinity,  while  it  is  later  seen  that  the  affinity 
of  the  then  more  numerous  granules  is  more  acid  or  at  least  the  stain- 
ing is  no  longer  orthochromatic,  the  blue  being  superimposed  by  a 
red;  in  other  words,  these  granules  stain  later  metachromatically. 
The  greater  the  loss  or  transformation  of  the  hsemoglobin,  the  greater 
the  number  of  granules.  This  holds  good  only  for  tertian  parasites, 
the  festivo-autumnal  variety  causing  practically  no  appreciable 
change  though  the  same  technique  be  used. 

But  the  mere  recognition  of  the  malarial  parasite  in  the  blood  is 
insufficient  to-day.  Not  only  should  the  physician  know  the  variety 
with  which  he  is  dealing,  but  also  it  will  be  to  his  advantage  to  know 
something  about  the  progress  which  the  disease  is  making  by  study 
of  the  circulating  parasite.  This  will  seem  difficult  at  first,  but  a 
relatively  small  amount  of  study  will  show  the  value  of  the  recog- 
nition of  certain  changes. 

In  tertian  fever  much  can  be  learned  from  the  study  of,  let  us 
say,  three  typical  cases,  viz.:  (1)  a  recent  primary  infection;  (2) 
a  primary  infection,  but  of  long  standing;  (3)  a  relapse.  The  stu- 
dent who  knows  the  forms  occurring  in  the  typical  recent  primary 
infection  will  readily  observe  many  morphological  differences  be- 
tween these  and  the  parasite  of  the  protracted  case.  He  will  then 
also  find  at  least  two  forms  which  are  not  readily  classified  with  those 
of  his  recent  primary  infection.  These  forms  are  the  gametocytes, 
the  analogues  of  the  crescent,  the  forms  which  do  not  segment  but 
grow  to  produce  the  sexual  organisms.  These  forms  require  about 
ninety-four  hours  to  become  mature. 

The  microgametocyte  or  male  organism  of  tertian  malaria  is 
slightly  larger  than  the  schizonts  of  this  species.  It  has  a  faintly 
staining  cytoplasm  and  a  large  nucleus  around  which  the  pigment 
is  arranged  in  more  or  less  of  a  circle.  When  living,  the  pigment  of 
this  parasite  is  immotilc  until  just  before  the  parasite  flagellates,  at 
vhich  time  an  unusual  activity  of  the  granules  is  seen.     The  young 
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form,  which  grows  ultimately  into  a  microgametocyte,  is  ring-shaped, 
with  a  heavy  chromatin  body  well  within  the  achromatic  zone. 

The  second  form  is  the  macrogametocyte  or  female  organism. 
This  is  an  extracorpuscular  body  of  about  double  the  size  of  the 
tertian  schizonts.  It  stains  deeply  in  inethylene-blue  because  of  the 
large  amount  of  reserve  food  stuff  it  contains.  It  has  a  relatively 
small  nucleus  which  nearly  always  lies  near  the  periphery  of  the  or- 
ganism. 

In  relapses  a  third  form  is  met  with,  which  has  a  compact  chro- 
matin body,  surrounded  by  a  paler  area,  that  can,  however,  be  stained 
pinkish  by  chromatin  dyes.  The  recognition  of  these  forms  is  of 
the  utmost  importance  because  the  prognosis  depends  upon  tbem. 
The  two  latter  are  quite  resistant  to  quinine  and  other  drugs,  and  it 
appears  as  if  cases  in  which  these  forms  are  seen  are  much  more 
prone  to  relapse  than  promptiy  treated  recent  primary  infections. 
The  macrogametocytes  may  remain  quiescent  for  years  in  the  blood, 
and  then  under  certain  conditions,  probably  through  parthenogenesis, 
may  again  begin  to  develop  and  multiply,  thus  bringing  about 
relapses. 

Also  the  absence  of  gametocytes  from  the  blood  means  that  no 
amoimt  of  such  blood  that  Anopheles  mosquitoes  may  imbibe  can  ever 
infect  the  mosquito. 

When  studying  old  cases  and  relapses  it  will  be  seen  that  the  char- 
acteristics of  the  three  varieties  are  lost  to  a  certain  extent.  But 
other  factors  will  have  changed  accordingly ;  the  paroxysms  will  have 
become  irregular,  protracted,  less  severe,  and  will  eventually  occur 
widely  apart  Now,  as  the  paroxysm  depends  upon  the  segmenta- 
tion of  ihe  protozoon  or  the  probable  liberation  of  a  toxin,  any 
changes  in  the  morphology  might  be  expected  to  influence  the  period- 
icity and  character  of  the  paroxysm,  and  such  is  actually  seen  to  be 
the  casa 

An  abnormal  temperature  chart  can  usually  be  explained  by 
proper  study  of  the  forms  of  parasites  present  If  quinine  has  been 
administered  it  is  to  be  considered,  as  its  effect  on  ihe  morphology  of 
the  parasite  is  profound  and  rapid.  The  part  most  and  first  affected 
is  the  blue  staining  body ;  later  follow  eccentricities  of  the  chroma- 
tin, such  as  multiple  bodies,  and  dwarfing,  just  such  changes  as 
might  have  occurred  in  time,  if  the  body  had  been  allowed  to  combat 
the  parasite  without  the  aid  of  drugs. 

The  notion  that  the  parasites  can  be  found  only  at  the  time  of  the 
paroxysm  is  still  in  the  minds  of  many;  it  is  erroneous. 

The  JEstivo-aatunmal  Parasite  (Laverania  Malarice).  The  Cycle 
in  Man. — ^In  a  recent  primary  infection  only  young  forms  can  be 
found  in  the  peripheral  blood ;  their  pigment  is  so  scanty  as  to  render 
their  recognition  in  fresh  blood  a  matter  of  experience ;  dancing  pig- 
ment is  practically  never  seen  in  such  cases. 

Later  in  the  disease  the  gametocytes  develop;  they  arc  absolutely 
characteristic,  readily  found,  and  of  diagnostic  value. 
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In  the  fresh  blood  the  young  parasite  is  seen  as  a  fairly  sharply 
defined,  rounded,  slightly  amoeboid  body,  smaller  than  either  of  the 
other  species;  the  infected  corpuscle  may  be  crenated;  it  may  have 
what  has  been  termed  a  "  brassy  "  appearance ;  it  is  never  enlarged 
or  faded,  as  are  those  in  the  tertian  type. 

Such  forms  stained  show  extremely  thin  and  small  rings,  with  <Mie 
or  more  chromatin  bodies,  situated  not  infrequently  within  the  adiro- 
matic  zone.  (Plate  II.,  Fig.  12a;  also  Fig.  162.)  There  are  fre- 
quently several  parasites  in  one  corpuscle;  five,  six,  and  seven  have 
been  seen.  Later  the  parasite  shows  a  few  heavy,  blackish,  pigm^it 
granules,  and  an  increase  in  the  size  of  the  body  is  seen.  It  is  very 
exceptionally  that  one  finds  in  the  peripheral  blood  forms  approaching 
segmentation  or  actually  segmenting.  The  various  steps  of  diro- 
matin  division  seem  to  take  place  chiefly  in  the  bone-marrow  and  the 
viscera.  The  parasite  does  not  ordinarily  attain  the  size  of  the 
tertian  form ;  it  is  usually  a  third  smaller.  The  segments  or  mero- 
zoites  are  usually  about  8  to  25  in  number  and  their  arrangement  is 
apt  to  be  very  symmetrical. 

Upon  developing,  the  gametocytes  are  seen  at  times  in  large 
numbers.  They  are  at  first  ovoidal  and  later  crescentic.  The  black- 
ish pigment  lies  in  a  wreath  around  the  thus  hidden  chromatin  fila- 
ments. There  may  be  a  corpuscular  remnant  or  not  There  seems 
to  be  a  sort  of  capsule  at  times.  The  ends  stain  more  deeply  in 
methylene-blue  than  the  rest  of  the  parasite.  The  pigment  is  qui- 
escent in  the  fresh  specimen. 

The  macrogametocyte  has  a  thick  dark-blue  staining  cytoplasm,  and 
the  small  nucleus  is  surrounded  by  pigment  (Plate  II.,  Fig.  126). 
The  form  of  the  microgametocyte  is  wider  and  plumper  than  that  of 
the  macrogametocyte,  its  cytoplasm  is  clearer  and  the  pigment  is  scat- 
tered throughout  it.  Upon  prolonged  observation,  say  twenty  minutes 
or  less,  according  to  temperature,  etc.,  these  crescentic  bodies  are 
transformed  into  spherical  bodies;  the  pigment  of  the  microgameto- 
cytes  becomes  actively  motile,  due  to  internal  agitation  of  the  diroma- 
tin  fibrils,  which  will  presently  emerge  as  flagella-like  appendages. 
Their  movements  are  very  rapid,  causing  corpuscles  to  be  kno<^ed 
about,  and  finally  they  become  detached  as  the  microgametes,  or  male 
elements,  and  go  in  search  of  the  female  element.  In  birds,  one  may 
actually  observe  the  process  of  conjugation  in  slide  preparations  even 
without  the  aid  of  a  moist  chamber  and  heat  This  transformation  of 
crescentic  bodies  never  occurs  in  the  human  blood.  It  will  be  s^n 
that  it  belongs  to  the  sexual  cycle  which  occurs  in  the  stomach  of 
the  mosquito. 

In  fatal  cases  the  formation  of  crescents  may  not  take  place;  the 
blood  infection  with  young  parasites  is  then  enormous,  every  field  of 
the  microscope  showing  numbers  of  them. 

In  the  study  of  aestivo-autumnal  fever  it  is  to  be  remembered  that 
crescents  when  found  indicate  that  the  disease  is  of  some  standing, 
for  such  sexual  forms  are  not  formed  until  the  asexual  propagaticHi 
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is  waning.  The  recognition  of  these  ovoidal  and  crescentic  bodies 
is  easy.  But  as  there  are  no  readily  discoverable  pigmented  forms 
in  the  peripheral  blood  in  the  early  stages,  it  is  necessary  to  be  thor- 
oughly familiar  with  the  young  aestivo-autumnal  forms*  Polychrome 
staining  for  them  cannot  be  too  much  recommended,  as  there  is  little 
that  is  characteristic  about  liiem  when  they  have  been  stained  with 
methylene-blue  alone.  Many  a  serious  error  has  been  made  by  ad- 
hering to  the  antiquated  idea  that  parasites  should  be  looked  for  in 
the  fresh  blood,  as  these  young,  non-pigmented,  so-called  hyaline 
forms  cannot  be  readily  recognized  by  the  inexperienced,  while  it  is 
an  easy  matter  to  know  and  classify  them  when  properly  stained. 
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^stlyo-autumnal  type;  1  to  7,  various  young  non-plgmented  forms;  8  to  10,  larger 
forms  from  peripheral  blood;  11  to  14,  various  ovoid  bodies;  16  to  17,  crescentic  bodies; 
18  to  10,  crescentic  bodies  after  removal  of  pigment  showing  chromatin  filaments  in 
achromatic  zone;  20  to  21,  abnormal  forms. 

PlaBmodium  BKalari»  (The  Quartan  Parasite).  Schizogony  or 
Human  Cycle. — The  recognition  of  the  quartan  parasite  in  its  early 
stages  in  the  fresh  blood  is  not  as  difficult  as  that  of  the  tertian  form 
because  the  outline  is  more  distinct,  but  in  stained  preparations  it 
is  often  indistinguishable  from  the  latter.  The  living  amoeboid 
young  form  or  schizont  is  more  refractive  than  the  young  living  ter- 
tian schizont,  more  like  the  jestivo-autumnal  form,  and  it  is  just  as 
sluggish  in  its  movements.  Here,  too,  the  corpuscle  is  often  shrunken 
and  looks  as  if  it  contained  more  hemoglobin  than  in  the  case  of  in- 
fection with  the  tertian  parasite. 

The  growing  parasite  rapidly  becomes  pigmented,  but  it  shows 
fewer,  larger,  less  motile  pigment  granules  than  the  corresponding 
tertian  one;  moreover  the  pigment  is  arranged  around  the  periphery 
of  the  organism,  while  in  the  tertian  form  it  is  distributed  through- 
out the  protoplasm.  (Plate  IT.,  Fig.  13a  and  6.)  The  quartan 
parasite  is  apt  to  form  a  band  across  the  infected  corpuscla  Seg- 
ments are  few  in  number,  as  a  rule,  and  the  parasite  remains  dwarfed 
while  the  infected  rpd  Wood  (»JIs  ftre  normal  in  size. 
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Description  op  Plate  IV. 

1.  Typical  young  tertian  torm;  the  corpuscle  shows  incipient  degeneration;  cor- 
puscle to  left  above  shows  a  blood  platelet. 

2.  Abnormal  young  form,  showing  small  accessory  chromatin  body. 

3.  Two  parasites;  one  a  normal  young  form;  the  second  a  large  form  in  crenated 
corpuscle  is  an  unusual  abnormal  form  with  very  large  achromatic  area. 

4.  5,  6.  ^stivo-autumnal  parasites;  single,  double,  and  triple  infection;  central 
elongated  chromatin  bodies.  These  forms  are  about  the  largest  usually  seen  in 
the  peripheral  blood;  no  degeneration  of  corpuscle. 

7.  Tertian  parasite,  about  ten  hours  old;  marked  degeneration  of  corpuscle. 

8.  Double  infection  of  a  corpuscle  in  tertian  fever;  marked  degeneration  of  cor- 
puscle. 

9.  10,  11.  Large  tertian  p&rasites  showing  division  of  chromatin  previous  to 
segmentation. 

12  and  14.  Complete  segmentation  of  tertian  parasite. 

13.  Double  infection  of  corpuscle,  one  parasite  reaching  maturity,  but  showing 
unusually  small  segments;  the  second  one  atrophied. 

15.  Tertian  parasite,  old  case;  while  the  parasite  is  only  half -grown,  the  chroma- 
tin has  split  into  several  compact  masses.    Degeneration  of  infected  corpuscle. 

16.  Dwarfed  tertian  parasite,  smaller  than  a  red  corpuscle,  but  showing  five 
compact  chromatin  bodies;  resemblance  to  quartan  rosette. 

17.  Microgametocyte  of  tertian  malaria;  prominence  of  blackish  pigment  sur- 
rounding a  large  achromatic  zone  in  which  the  microgametes  lie  coiled  up. 

18.  Tertian  macrogametocyte. 

19  to  23.  Crescentic  bodies  of  aestivo-autumnal  malaria. 

19.  Typical  gametocyte;  pigment  surrounding  achromatic  area;  no  chromatin 
shown ;  the  * '  bib ' '  is  present.     ( Male  f ) 

20.  Semiovoid  gametocyte.     (Female?) 

21.  Pigment  removed.  Elliptical  achromatic  area  in  which  the  microgametes 
are  seen. 

22  and  23.  Pigment  removed;  chromatin  more  compact;  possibly  female  ele- 
ments. 

24.  From  a  case  of  pernicious  malaria  with  rich  infection;  only  hyaline  forms 
in  peripheral  blood.    Below,  a  large  blood-platelet. 

Note. — As  the  amplification  is  not  uniform  a  comparison  of  the  parasites  with 
the  blood  corpuscles  shown  should  be  made  in  order  to  have  a  correct  conception  of 
their  size. 
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Photographs  of  Tertian  and  Estivo-autumnal  Malarial 

Parasites  in  Different  Stages  of  Development. 

(Goldhorn.) 
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The  parasite  becomes  full  grown  in  thirty-six  hours  and  then  al- 
most fills  the  blood  cell.  At  this  stage  the  organism  is  very  dis- 
tinctly outlined  and  refractive,  the  pigment  is  absolutely  motionless 
and  is  collected  around  the  periphery;  the  shape  is  circular  and 
amoeboid  motion  has  entirely  ceased.  S^mentation  occurs  at  the 
end  of  seventy-two  hours. 

The  pigment  collects  in  the  center,  or  in  a  star-like  arrangement 
from  the  center,  and  radial  striations  appear,  dividing  the  organism 
in  from  8  to  12  segments  or  merozoites.  The  segments  are  generally 
arranged  symmetrically  around  the  central  pigment,  giving  the  so- 
called  daisy  or  marguerite  appearance  to  the  parasite  at  this  stage. 
When  segmentation  is  complete,  the  red  blood  cell  is  finally  destroyed 
and  each  merozoite  becomes  free  in  the  blood  plasma,  ready  to  in- 
fect other  red  blood  cells,  and  start  the  stage  of  schizogony  again. 
As  in  the  tertian  form,  certain  parasites  do  not  undergo  segmenta- 
tion and  these  are  the  ones  intended  to  carry  on  the  life  cycle  in  the 
mosquito. 

The  gametes  are  not  well  known.  Cases  of  quartan  fever  are 
relatively  rare. 

Oenend  Observations. — ^It  should  be  remembered  that  there  is  no 
quotidian  form  in  this  country.  Quotidian  paroxysms  occurring  here 
are  either  a  double  tertian  or  a  triple  quartan  infection. 

It  is  also  interesting  to  note  that  the  fever  curve  becomes  atypical 
even  in  those  cases  in  which  no  quinine  has  been  given.  The  excur- 
sions will  be  less,  but  the  temperature  will  stay  up  longer  and  drop 
more  gradually ;  or  there  may  be  two  consecutive  paroxysms  usually 
varying  in  intensity.  The  parasitic  forms  in  the  blood  will  vary  ac- 
cordingly. 

The  relationship  between  segmentation  and  paroxysm  is  always 
noted  in  tertian  cases,  and  it  is  reasonable  to  suppose  that  the  occur- 
rence of  the  paroxysm  is  referable  entirely  to  the  liberation  of  toxic 
substances  resulting  from  metabolic  activity  of  the  parasite  within 
the  corpuscle.  That  there  should  be  a  toxic  product  seems  highly 
probable,  and  its  amount  must  be  considered  in  heavy  infections. 
Cases  showing  an  infection  of  1  to  5  per  cent  of  all  corpuscles  are 
not  infrequent;  the  destruction  of  from  50,000  to  200,000  or  more 
corpuscles  per  cubic  millimetre  of  blood  leads  to  the  rapid  deglobular- 
ization  of  the  blood ;  hence  the  deficiency  in  numbers ;  add  to  this  the 
effects  of  the  metabolic  products,  and  little  is  left  to  the  imagination 
to  explain  the  pronounced  ansemia.  Furthermore,  the  corpuscular 
remnants  will  be  largely  carried  to  the  spleen ;  hence  its  hyperplastic 
condition  and  pigmentation. 

Malarial  parasites  can  always  readily  be  found  in  recent  primary 
infections,  and  it  is  usually  only  in  old  cases  that  the  search  becomes 
difficult;  one  is,  however,  generally  rewarded  by  finding  them  if  one 
looks  long  enough  for  them. 

A  helpful  sign  is  the  finding  of  pigment  in  mononuclear  leuko- 
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cytes,  which  are  seen  about  the  time  of  a  chill,  or  to  the  period  symp- 
tomatically  corresponding  to  it. 

Free  pigment  cannot  be  used  as  a  means  of  diagnosis,  as  it  may  be 
impossible  to  tell  it  from  dirt  or  dust. 

A  small  dose  of  quinine  may  drive  all  parasites  except  the  sexual 
forms  out  of  the  peripheral  circulation ;  at  all  events,  the  finding  of 
them  becomes,  in  the  absence  of  gametocytes,  a  matter  of  time  and 
experience,  especially  also  as  they  may  be  much  altered  in  appearance. 

Immunity  from  malaria  appears  to  exist  as  natural  and  acquired 
inmiunity.  Whether  the  usual  assertion  that  contraction  of  disease 
through  pyogenic  microorganisms  depends  upon  a  lowered  resist- 
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ance  of  the  body  holds  good  in  the  case  of  these  protozoa  is  imoertain. 
Studies  made  by  Goldhorn  on  over  fifty  birds  infected  with  proteo- 
soma  showed  that  (1)  young  birds  invariably  became  infected,  while 
old  ones  rarely  did;  (2)  objective  symptoms  in  young  birds  were 
much  more  pronounced  than  in  previously  healthy  older  birds;  (3) 
old  birds  whose  resistance  appeared  to  be  lowered  by  disease  were 
readily  infected;  (4)  reinfection  of  all  birds  appeared  to  be  negative. 
The  Malaria-carrying  Mosquito  (Anopheles). — Only  generalities 
can  here  be  considered.  The  common  mosquito,  often  day-flyings 
belongs  to  the  genus  Cvlex;  it  cannot  carry  human  malaria.    It  is  did- 
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tinguished  from  its  ni^t-flying  or  dusk-flying  relative  by  its  assum- 
ing a  different  posture  on  the  perpendicular  wall.  While  the  Cvlex 
holds  the  body  more  or  less  parallel  with  the  surface,  the  body  of  the 
Anopheles  stands  off  at  a  marked  angle.    Other  differential  points  are : 

Wings  of  Cidex  are  unspotted;  those  of  Anopheles  macvlipennis 
and  Anopheles  punctipennis  are  spotted. 

The.  proboscis  of  Anopheles  points  toward  the  resting  surface, 
while  that  of  Cvlex  does  not  do  so. 

Anopheles  varieties  bite  usually  in  the  early  evening,  while  those 
of  Cidex  bite  almost  at  any  hour. 

The  male  mosquito  is  readily  told  from  the  female  by  its  pliuned 
antenna,  those  of  the  female  being  inconspicuous. 

The  Cycle  in  the  Mosquito.  Sporogony,  or  Sexual  Oyde. — If  an 
ordinary  mosquito  (Culex)  is  allowed  to  imbibe  the  blood  of  a  ma- 
larial patient  whose  blood  shows  gametocytes  there  will  be  simply  a 
digestion  of  such  blood  in  the  mosquito,  but  no  anatomical  changes. 
If,  however,  an  Anopheles  mosquito  ingests  sudi  blood,  immediate 
changes  follow.  It  should  be  remembered  that  only  female  mos- 
quitoes bite;  hence,  they  alone  can  be  responsible  for  the  spreading  of 
Ae  disease.    The  sexual  cycle  is  similar  in  all  species  of  the  parasite. 

The  flagellation  of  the  male  parasite  described  above  will  promptly 
take  place  in  the  stomach  of  the  mosquito,  4  to  8  microgametes  being 
formed;  these  conjugate  with  the  female  element  in  a  manner  com- 
parable to  the  impregnation  of  the  ovimi  of  higher  animals  by  sperraa- 
tozoids  (Plate  III.).  The  macrogametocyte  becomes  a  macrogamete 
by  the  formation  of  a  reduction  nucleus  which  is  thrown  out  of  the 
organism  (Plate  III.,  Figs.  13a  and  14a). 

The  product  of  conjugation,  the  ookinet,  remains  for  a  number 
of  hours  in  the  juices  of  the  chyme  stomach,  changing  gradually 
from  a  spherical,  immobile  body  into  an  elongated  wormlet  endowed 
with  motility  (Plate  III.,  Fig.  17).  This  penetrates  the  epithelial 
lining  of  the  stomach  and  rests  in  the  tunica  elasticomuscularis  (Plate 
III.,  Figs.  8-20)  ;  here  it  changes  into  an  oval,  then  into  a  round 
body,  which  grows  in  the  course  of  the  next  few  days  enormously, 
forming  a  cyst  which  projects  into  the  body  cavity.  Meanwhile  the 
chromatin  will  have  been  very  active.  It  will  have  divided  into  nu- 
merous nuclei,  which  become  arranged  around  inactive  portions,  and 
filamentous  sporozoites  develop  from  this  chromatin  (Plate  III.,  Figs. 
21-24).  These  sporozoites  ultimately  fill  the  cysts,  which  rupture, 
setting  them  free  into  the  cavity  of  the  mosquito's  body  (Plate  III., 
Fig.  25)  ;  they  then  make  their  way  to  a  glandular  structure  in  the 
thoracic  cavity  of  the  insect,  the  so-called  salivary  gland,  which  in 
turn  is  in  immediate  connection  with  the  biting  and  sucking  appa- 
ratus (Plate  III.,  Figs.  26-27).  If,  now,  such  an  infected  mosquito 
"  bites  "  a  human  being,  the  lubricating  fluid  of  the  puncturing  appa- 
ratus will  carry  sporozoites  into  the  blood  and  the  human  cycle  begins. 
The  stages  of  development  in  the  mosquito  require  about  seven  days. 
39 
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Staining  Methods.  Jenner's  Stain.— Clear  pictures  of  parasites,  which, 
however,  show  no  chromatin;  hence  unsuitable  for  study  of  finer  differential 
points. 

Nocht-Bomanowsky  Method. — ^Very  suitable,  but  requires  accurate  mix- 
ture of  several  fluids  just  before  using,  which  then  have  to  be  thrown  away. 

Wright's  Stain. — ^Practically  identical  with  (Joldhom's  one-solution  stain 
(vide  infra),  but  less  rapid;  powerful  chromatin  stain  and  general  blood 
stain. 

Polychrome  Methylene  Bine  (Gk>ldhom).— To  prepare  the  stain  dissolve 
1  gram  lithium  carbonate  in  200  c.c.  clean  water  and  add  1  gram  methylene- 
blue.  Shake  and  dissolve.  Pour  into  porcelain  dish  over  water-bath,  stirring 
frequently  until  blue  color  changes  to  a  rich  purple.  Run  through  cotton  in 
funnel;  make  up  to  200  c.c.  To  100  c.c.  add  5  per  cent,  acetic  acid  imtil  a 
faint  pink  is  just  visible  on  litmus  paper  above  level  of  point  discolored  by 
the  dye.  Now  add  the  remaining  100  c.c.  of  dye  and  allow  to  stand  in  open 
dish  for  forty-eight  hours.    Run  once  more  through  cotton  into  clean  bottle. 

It  is  not  necessary  to  use  distilled  water,  and  satisfactory  results  are  ob- 
tained with  all  the  different  forms  of  methylene-blue  tried.  B-X  Gruebler 
is  preferable. 

Fix  the  smear  by  immersion  in  commercial  wood  alcohol  for  fifteen  to 
thirty  seconds;  wash  well  and  stain  for  about  ten  to  fifteen  seconds  in  poly- 
chrome; wash  and  stain  for  from  fifteen  to  sixty  seconds  in  ^  per  cent 
aqueous  eosin.  Wash  again  in  water  and  dry  in  air  without  heat.  Body  of 
parasites  blue;  chromatin  is  red  to  purple. 

Results  may  be  varied  by  using  polychrome  or  eosin  for  different  lengths 
of  time.  Admirable  preparations  may  be  obtained,  even  when  there  is  pre- 
cipitation, by  just  rinsing  the  smear  a  little  in  50  per  cent,  ethyl  alcohol. 
This  will  remove  any  precipitation. 

The  simplest  method  of  staining  the  parasite  is  probably  the  following, 
recommended  by  (Joldhom  for  the  staining  of  mast-cells:  Saturate  wood 
alcohol  with  methylene-blue.  Pour  on  dry  smear  for  five  to  ten  seconds  and 
wash  in  water.    Parasite  blue. 

Goldhom's  One-solution  Stain. — To  Goldhom's  polychrome  methylene- 
blue  {vide  supra)  add  weak,  watery  (J  to  ^V  P®r  cent.)  eosin  until  the  filtrate 
is  of  a  pale-blue  color;  the  exact  amoiut  of  eosin  will  depend  upon  the  d^ree 
of  alkaUnity  of  the  polychrome  and  upon  the  amount  of  lualtered  methylene- 
blue  in  the  polychrome. 

The  precipitate  is  washed  with  water  and  dried  without  heat  and  pro- 
tected from  dust.  When  absolutely  dry  it  is  dissolved  in  commercial  wood 
alcohol,  making  a  1  to  2  per  cent,  solution. 

The  smear  is  then  dried  without  heat  and  held  for  a  second  or  two  in  the 
dye.  It  is  then  dipped  slowly  into  a  vessel  with  clean  water,  film  side  down; 
it  should  not  be  plunged  into  the  water.  The  staining  depends  upon  the 
interaction  of  the  water  with  the  film  of  dye  adhering  to  the  blood.  Hold 
preparation  in  the  water  for  a  few  seconds,  then  move  it  about  for  a  moment, 
and  rinse  in  clear  water;  clean  lower  side  of  the  slide,  as  precipitation  will 
have  taken  place  here;  hence,  do  not  introduce  into  water  with  film  side  up. 
Dipping  the  preparation  for  a  moment  into  50  per  cent,  ethyl  alcohol  re- 
moves smudges  and  precipitate. 

Giemsa's  Method  gives  excellent  results.    (See  p.  609.) 

Ross'  Method  of  Examining  a  Large  Quantity  of  Malarial  Blood  in  One 
Film. — A  large  drop  of  blood  (about  20  c.mm.)  is  placed  on  a  glass  slide 
and  is  slightly  spread  over  an  area  which  can  be  covered  by  an  ordinary 
cover-glass.  This  is  allowed  to  dry  in  the  air  or  it  is  warmed  over  a  fiame 
without  heating  it  more  than  enough  to  fix  the  haemoglobin.  The  dry  film 
is  then  covered  with  an  aqueous  solution  of  eosin  (10  per  cent.)  and  allowed 
to  remain  about  fifteen  minutes.  This  is  then  gently  washed  off  and  a  weak 
alkaline  methylene-blue  solution  is  run  over  the  film  and  left  for  a  few 
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secondiii^  'vhen  the  preparation  is  again  gently  washed.    After  drying  it  is 
ready  for  exanonation. 

Mode  of  Infection. — ^Wliile  it  is  probable  that  infection  with 
malarial  sporozoites  occurs  in  the  great  naajority  of  cases  by  the  bite 
of  an  infected  mosquito,  there  seem  to  be  cases  in  which  the  infection 
has  taken  place  in  some  other  way,  though  nothing  definite  has  been 
proved  in  regard  to  this. 

The  fact  that,  with  the  extermination  of  the  Anopheles  varieties, 
malarial  fevers  in  man  would  be  made  impossible,  remains  estab- 
lished; the  parasite  must  have  its  chance  of  rejuvenescence  in  the 
mosquito's  stomach. 

Hitherto  no  experiments  have  been  made  to  show  the  possibility 
of  sporozoites  penetrating  the  capillary  walls  of  the  lung  tissue  or 
those  of  the  mucous  membranes. 

Malarial-like  Parasites  in  the  Blood  of  Birds. — Two  genera  of  protozoa 
closely  related  to  the  malarial  organisms  have  been  fo\md  in  birds. 
(1)  the  proteosoma  or  hsBmoproteus ;  (2)  the  halteridium,  found  in 
owls  (Hcemoproteits  nodnoB  Celli  and  Sanfelice).  Points  in  their 
life  history  have  been  brought  out  by  various  observers,  especially 
by  Boss  and  by  MacCallum.  The  complete  life  cycle  of  both  forms, 
as  worked  out  by  Schaudinn,  is  considered  by  him  and  his  followers, 
to  be  of  fundamental  importance  to  the  understanding  of  the  re- 
lationship of  blood  parasites,  Schaudinn  states  that  these  organ- 
isms pass  through  a  flagellate  stage  in  the  intestinal  tract  of  the 
common  mosquito  (Ctdex  pipiens)  which  had  previously  fed  on  owls 
infected  with  the  intracellular  organisms  (halteridium  and  hsemo- 
proteus).  Novy  considers  that  this  mosquito  flagellate  stage  of 
Schaudinn  is  simply  a  growth  of  trypanosomes  in  the  mosquito's  in 
testinal  tract  which  are  normally  found  there,  and  that  Schaudinn 
did  not  sufliciently  control  his  work  to  warrant  his  conclusions. 

The  malarial-like  organisms  found  in  monkeys,  cattle,  dogs  and 
frogs,  have  not  been  minutely  studied. 
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CHAPTER  XLVL 

SMALLPOX  AND  ALLIED  DISEASES.  SCARLET  FEVER.  MEASLES. 

81IALLP0Z  AND  ALLIED  DISEASES. 

Introduction. — The  diseases  allied  to  smallpox  (oowpox  or  vac- 
cinia, horsepox,  sheeppox),  if  not  identical,  are  closely  allied.  Indeed 
the  following  facts  seem  to  prove  that  at  least  cowpox  and  variola  are 
very  closely  related,  if  not  the  same  disease:  First,  smallpox  virus 
inoculated  into  calves  produces,  after  passage  through  several  animals, 
an  affection  exactly  similar  to  cowpox.  The  successful  inoculation 
of  the  first  series  of  cattle  from  smallpox  is  a  matter  of  great  diffi- 
culty, but  so  many  experimenters  have  asserted  that  this  has  been 
done  that  there  seems  to  be  no  doubt  as  to  its  truth.  In  our 
laboratory  not  one  of  many  attempts  to  accomplish  it  has  been  suc- 
cessfuL  Second,  both  when  occurring  in  nature  and  when  produced 
by  experiment  the  lesions  of  the  two  diseases  are  similar.  Third, 
monkeys  have  been  successfully  protected  against  either  disease  by 
previous  inoculation  of  the  other;  also,  observations  go  to  show  that 
human  beings  inoculated  with  oowpox  vaccine  are  not  susceptible  to 
inoculation  with  smallpox  virus,  and  that  those  who  have  within  a 
varied  time  passed  through  an  attack  of  smallpox  cannot  be  in- 
oculated successfully  with  cowpox  vaccine.  These  facts  seem  posi- 
tively to  prove  that  the  two  diseases  are  produced  by  organisms 
originally  identical,  one  being  modified  by  its  transmission  throu^ 
cattle,  the  other  through  human  beings. 

Smallpox  (Synonyms:  Variola,  la  variola,  Blattem,  Pocken,  Vaju- 
ola)  is  an  acute  infectious  disease  characterized  by  an  epidermic 
eruption  of  vesicles  and  pustules  which,  upon  healing,  produce  cica- 
trices of  varying  extent  and  depth. 

Variola  is  perhaps  the  most  regularly  characteristic  of  the  diseases 
of  man.  It  is  highly  infectious  and  is  controlled  only  by  vaccina- 
tion. Notwithstanding  the  fact  that  we  know  definitely  the  exact  site 
of  the  infective  agent  in  this  disease  and  that  certain  experimental 
animals  are  susceptible  to  inoculation  of  the  material  containing 
the  infective  agent,  most  investigators  are  still  undecided  in  r^;ard 
to  the  nature  of  the  chief  exciting  factor.  A  few,  however,  claim 
that  certain  bodies  found  chiefly  in  the  epithelial  cells  of  the  skin 
and  mucous  membranes  in  the  specific  lesions  are  protozoa  causing 
the  disease. 

Historical  Note. — The  first  undoubted  description  of  the  disease  was 
given  by  Rhazes  in  the  tenth  century  but  it  is  evident  that  he  did  not  con- 
sider it  a  new  disease.    To  trace  its  original  home  seems  to  be  impossible. 
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It  may  have  developed  first  in  certain  regions  in  Asia  and  Central  Africa 
where  it  is  at  present  endemic  and  is  said  to  be  uncontrolled  by  vaccination. 
Many  outbreaks  of  the  disease  in  the  United  States  can  be  traced  directly 
to  the  importation  of  African  negroes. 

The  disease,  carried  by  the  intercommunication,  principally  of  war  and 
commerce,  was  wide-spread  when  Edward  Jenner  showed  conclusively  in 
1798  that  vaccination  with  cowpox  afforded  protection.  Now  the  few  cases 
of  variola  that  occur  are  seen  in  those  who,  through  neglect  or  ignorance 
(sometimes  willful),  have  not  been  vaccinated. 

Etiology  of  Variola  and  Oowpoz. — ^It  has  been  repeatedly  shown 
that  no  bacteria  similar  to  any  of  the  known  forms  have  a  causal 
relation  to  these  diseases.  In  our  own  laboratory  we  are  able,  by  the 
inoculation  of  rabbits'  skins,  to  produce  extremely  active  vaccine 
virus  in  large  quantities,  absolutely  free  from  microorgansms  which 
grow  under  the  conditions  of  our  present  methods  of  bacterial  culti- 
vation. Such  pure  active  vaccine,  when  emulsified  in  equal  parts  of 
glycerin  and  water  and  filtered  through  two  or  three  thicknesses  of 
the  finest  filter  paper,  gives  a  slightly  opalescent  filtrate,  which  in 
the  hanging  drop  under  high  magnification  shows  many  very  tiny 
granules  with  an  occasional  larger  one,  and  in  smears  shows  no 
formed  elements  giving  characteristic  stains.  This  filtrate,  from 
which  no  growth  can  be  obtained  on  artificial  culture  media,  when 
rubbed  over  a  freshly  shaved  rabbit's  skin,  after  the  method  of  Cal- 
mette  and  Guerin,  or  when  used  to  vaccinate  human  beings,  gives  an 
abundant  typical  reaction. 

These  facts  show  that  soin^  at  least,  of  the  infective  forms  cannot; 
as  yet  be  made  to  grow  outside  of  the  body,  that  sudi  forms  are 
very  tiny,  and  that  they  do  not  stain  characteristically  with  our 
usual  methods  of  staining.  We  have  shown  also  that  the  infective 
agent  cannot  pass  an  ordinary  Berkefeld  filter  under  forty  pounds' 
pressure,  which  practically  rules  out  ultramicroscopic  forms. 

Since  Guamieri  in  1892  claimed  that  certain  inclusions  present 
in  the  epithelial  cells  of  the  lesions  of  smallpox  in  a  rabbit's  cornea 
(Fig.  174)  were  parasites,  much  attention  has  been  given  to  the 
study  of  tiese  bodies,  commonly  known  as  "  vaccine  bodies,"  yet 
opinions  still  differ  as  to  their  nature.  The  most  recent  studies  of 
importance  of  these  bodies  have  been  made,  on  the  one  hand,  by 
Councilman  and  his  associates,  who  believe  them  to  be  protozoa,  and, 
on  the  other,  by  Ewing,  who  believes  that  all  of  the  forms  so  far 
described  are  degeneration  products,  some  specific,  others  not 

Councilman  believes  that  there  are  two  cycles  of  development  of 
the  "  parasite^"  one  intracellular  and  the  other  intranuclear,  and  that 
the  intranuclear  infection  occurs  only  in  smallpox.  The  intracellu- 
lar cycle  is  simple,  showing  only  "  multiplicative  reproduction," 
while  the  intranuclear  cycle  is  more  complicated,  probably  sexual  in 
character.  Calkins,  working  with  Councilman,  described  a  cycle 
of  development  in  which  we  believe  are  included  many  forms  due  to 
degeneration  of  the  host  cells  alone.  Calkins  now  thinks  that  his 
original  tentative  cycle  was  too  elaborate.     He  still  firmly  believes 
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that  the  bodies  are  protozoa  but  that  they  belong  among  the  rhizo- 
poda  instead  of  the  microsporidia  where  he  first  placed  them. 

Prowazek  and  others  believe  that  the  organisms  of  this  group  of  diseases,  as 
well  as  of  rabies,  scarlet  fever,  trachoma  and  a  few  others,  are  all  tiny 
coccus-like  forms  which  have  the  power  of  producing  an  envelop  from  the 
host  cell  substance,  such  envelop  with  its  contained  organism  constituting  the 
specific  body  which  others  have  called  a  protozoan.  Prowazek  calls  the  group 
Chlamydozoa  and  says  they  probably  stand  between  the  bacteria  and  the 
protozoa  in  systematic  classification. 

In  our  own  work  on  sections,  which  has  extended  irr^nlarly  over 
a  period  of  several  years,  we  have  gotten  results  which  are  somewhat 
confusing,  principally  so  because  of  the  non-uniformity  of  the  ap- 
pearances of  these  bodies,  both  by  different  methods  and  by  the  same 
methods  at  different  times.  There  is  no  doubt  that,  whatever  the 
nature  of  the  bodies,  they  are  easily  affected  by  methods  used  for 
fixing,  hardening,  and  staining  them.  This  accounts  in  part  for  the 
varied  results  reported.  However,  in  the  most  perfectly  prepared 
specimens,  judged  according  to  the  appearance  of  the  red  blood  cells, 
leukocytes,  and  tissue  cells  at  a  distance  from  the  lesions,  we  have 
found  the  vaccine  bodies,  especially  in  corneal  infection,  to  show  a 

Fig.  174 


Epithelial  cells  of  a  rabbit's  cornea,  containing  *'  vaccine  bodies.'*  Tissue  fixed  three 
days  after  inoculatalon  with  smallpox  virus,  a  and  h,  vaccine  bodies;  b  and  c,  nuclei. 
X  1500  diameters. 


more  or  less  constant  series  of  changes,  somewhat  similar  to  those 
described  by  Calkins  in  his  "  gemmule  formation  "  and  by  Tyzzer 
in  his  development  of  the  vaccine  bodies.  This  series  of  changes 
might  be  represented  somewhat  schematically  as  in  Fig.  175. 

One  can  easily  see  that  such  tiny  bodies  as  these  possible  spores, 
with  no  definite  characteristic  staining  qualities,  would  be  with  difli- 
culty,  if  at  all,  differentiated  from  the  mass  of  cell  granules  in  the 
degenerated  areas  of  the  lesion,  and,  as  the  outline  and  structure  of 
most  of  the  other  forms  seem  to  be  easily  disturbed,  the  whole  question 
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as  to  their  nature  is,  from  a  morphologic  standpoint  alone,  a  very 
difficult  one  to  settle. 

Our  best  results  on  corneas  have  been  obtained  with  the  following  tech- 
nique: Fix  m  Zenker's  fluid  for  from  four  to  eight  hours;  wash  in  nmning 
water  over  night;  place  in  95  per  cent,  alcohol  (changing  in  two  hours  to 
fresh)  for  twenty-four  hours,  then  in  absolute  alcohol  for  twenty-four  hours. 
Imbed  in  paraffin.  The  cuts  should  be  from  3m  to  5m  thick.  Stain  with  (1) 
eosin  and  methylene  blue — eosin  half  an  hour,  methylene  blue  two  minutes; 
(2)  Heidenhain's  iron  hsematoxylin;  (3)  Borrel  modified  by  Calkins. 

The  vaccine  bodies  may  be  studied  for  a  short  time  in  the  living 
cornea,  by  rapidly  excising  an  inoculated  cornea,  spreading  it  on  a 
shallow  agar  plate  and  dropping  a  thin  cover  glass  over  it.  The 
structured  bodies  are  very  clearly  diflferentiated  from  the  rest  of  the 

PiQ.  175 

-  ^ 


Schematic  representation  of  vaccine  bodies  seen  within  the  epithelial  cells  in  the 
lesions  of  smallpox  and  yaccinia:  1.  spore  (merozoite,  sporozoite?)  ;  2,  small  form 
which  stains  solidly  with  basic  stains;  3,  larger  form  which  contains  central,  more 
darkly  staining  granule;  4,  larger  form,  with  more  lightly  staining  reticular  cytoplasm. 
This  form  and  the  next  may  have  amoeboid  outline,  and  there  may  be  larger  amoeboid 
forms  which  might  be  interpreted  either  as  the  grown  single  form  or  as  the  fusion  of 
two  or  more  forms ;  5,  form  containing  two  central,  darkly  staining  bodies ;  6,  form  con- 
taining many  bodies  taking  basic  stains  more  or  less  intensely:  7,  form  containing  a 
central  body  staining  faintly  with  basic  dyes,  and  small  rounded  bodies  about  it,  some 
taking  basic  and  some  acid  stains;  8,  same  as  7,  except  that  many  of  the  bodies  sur- 
rounding the  central  body  are  definitely  ringnshaped,  and  all  take  the  acid  stain.  These 
forms  yary  in  size ;  some  are  larger  than  the  host  nucleus ;  9,  form  breaking  up  (spores 
set  free?). 

cell  contents,  and  interesting  changes  have  been  observed  in  them. 
Too  little  work  has  been  done,  however,  by  this  method,  to  draw 
any  further  conclusions  in  regard  to  their  natura 

Pathogenesis.  For  Lower  Animals. — ^Various  animals  seem  to  contract  the 
disease,  or  a  modification  of  it,  in  nature.  Horsepox,  sheeppox  and  cow- 
pox  all  show  similar  pathological  changes.  Experimentally  probably  all 
mammals  are  susceptible  though  in  varying  d^rees.  Most  of  them  are  more 
sensitive  to  vaccine  than  to  variola.  The  epidermis  of  rabbits,  for  instance, 
shows  a  beautifully  typical  eruption  after  inoculation  with  vaccine  virus, 
while  material  from  smallpox  eruptions  produces  only  diffused  redness. 
The  corneal  "take,"  however,  in  both  instances,  is  similar  in  intensity. 
Monkeys  are  equally  susceptible  to  both  forms  of  the  disease. 

For  Man. — ^Without  vaccination  human  beings  seem  to  be  equally  sus- 
ceptible to  infection  with  variola,  whatever  their  race  or  their  condition  in 
life,  or  in  whatever  part  of  the  world  they  live. 

The  Immumty  caused  by  successful  vaccination  is  not  permanent, 
and  varies  in  its  duration  in  different  individuals.  Although  it  may 
give  some  protection  from  smallpox  for  ten  or  fifteen  years,  it  is  not 
well  to  count  on  immunity  for  more  than  one  year,  and  whenever 
one  is  liable  to  exposure  it  is  well  to  be  vaccinated.  If  this  vaccina- 
tion were  unnecessary  it  will  not  be  successful,  while  if  it  is  success- 
ful we  have  reason  to  believe  tlie  individual  was  open  at  least  to  a 
mild  smallpox  infection. 
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Protective  Substances  Present  in  the  Serum  of  Animals  after  Suc- 
cessful Vaccination. — It  has  been  frequently  shown  that  the  blood 
serum  of  a  calf  for  several  weeks  after  successful  vaccination  pos- 
sesses feeble  protective  properties,  so  that  the  injection  of  one  or  two 
litres  of  it  into  a  susceptible  calf  would  prevent  a  successful  vaccina- 
tion. A  further  and  more  convincing  fact  has  been  demonstrated 
by  Huddleston  and  others,  namely,  that  when  active  vaccine  is  mixed 
in  certain  proportions  with  senmi  from  an  animal  which  had  just 
recovered  from  a  successful  vaccination,  and  the  mixture  is  inocu- 
lated into  a  susceptible  animal,  there  is  no  reaction. 

The  Preparation  of  Vaccine. — ^For  most  of  the  following  sugges- 
tions we  are  indebted  to  Dr.  J.  H.  Huddleston,  who  has  had  the  im- 
mediate charge  of  the  production  of  vaccine  for  the  New  York  Health 
Department  for  some  years: 

Seed  Vims. — A  sufiScient  amount  of  vaccine  virus  should  be  on  hand 
to  vaccinate  forty  to  fifty  persons.  Five  children  in  good  health,  and 
not  previously  vaccinated,  should  then  be  vaccinated,  each  in  a  spot 
the  size  of  a  ten-cent  piece.  On  the  fifth  day  after  vaccination  the 
top  of  the  resulting  vesicle  should  be  removed  and  sterilized  bone 
slips  be  rubbed  on  the  base  thus  exposed.  It  should  be  possible  in 
this  manner  to  charge  at  least  from  one  to  two  hundred  slips  on  each 
side  of  the  slip  from  each  child.  The  slips  should  be  allowed  a  mo- 
ment in  which  to  dry  and  then  be  placed  in  a  sterilized  box,  in  which, 
if  kept  in  cold  storage,  they  will  probably  remain  efficient  for  at  least 
two  or  three  weeks.    Eabbits  may  be  used  to  obtain  seed  virus. 

Animals. — The  preferable  animals  are  female  calves,  from  two  to 
four  months  of  age,  in  good  condition  and  free  from  any  skin  disease. 
These  can  easily  be  vaccinated  on  the  posterior  abdomen  and  inside 
of  the  thighs  by  placing  them  on  an  appropriate  table.  It  is  possible 
that,  on  account  of  the  character  of  the  available  supply,  older  animals 
may  be  desirable,  but  the  calves  take  more  typically  and  are  more 
easily  handled.  When  an  animal  is  too  old  to  be  thrown  and  held 
without  difficulty  it  may  be  vaccinated  on  the  rump,  each  side  of  the 
spine;  but  the  skin  there  is  tougher  than  on  the  posterior  abdomen 
and  inside  of  the  thighs,  and  the  resulting  virus,  though  efficient,  is 
not  so  easily  emulsified. 

Vaccination. — The  hair  should  be  clipped  from  the  entire  body 
when  the  animal  is  first  brought  into  the  stable  and  the  calf  should 
be  cleaned  thoroughly,  including  the  feet  and  the  tail.  Just  before 
vaccination  the  posterior  abdomen  and  insides  of  the  thighs  are 
shaved  and  the  skin  beneath  washed  in  succession  with  soap  and 
water,  sterilized  water  and  alcohol,  and  then  dried  with  a  sterile 
towel.  On  this  area  there  are  now  made  about  one  hundred  scarifi- 
cations, each  from  one-quarter  to  one-half  of  an  inch  square.  The 
scarification  is  made  most  easily  by  cross-hatching  with  a  six-bladed 
instrument,  the  blades  being  about  one-thirtieth  of  an  inch  apart. 
The  scarification  is  superficial,  but  brings  a  small  amount  of  blood. 
An  area  as  small  as  specified  is  less  likely  to  become  infected  than  a 
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larger  one.  The  scarifications  should  be  separated  from  each  other 
by  an  interval  of  at  least  one-half  to  three-quarters  of  an  inch.  After 
they  have  been  made  they  should  be  dried  with  a  sterile  towel  or  with 
sterile  cotton  and  rubbed  with  the  charged  slips.  One  to  two  slips, 
depending  on  the  amount  of  virus  each  slip  holds,  should  be  sufficient 
for  vaccinating  each  vesicle. 

OoUection. — On  the  fifth  or  sixth  day,  depending  upon  the  rate  of 
development  of  the  vaccine  vesicles,  they  should  be  ready  for  col- 
lection. The  entire  shaved  area  is  washed  with  sterilewater  and  sterile 
cotton,  and  the  crusts  are  picked  off.  The  soft,  pulpy  mass  remaining 
is  then  curetted  off  with  an  ordinary  steel  curette  and  the  pulp  placed 
in  a  sterilized  vessel.  After  the  curettage,  serum  exudes  from  the 
torn  base  of  the  vesicle,  and  ivory  slips  may  be  charged  in  this.  The 
pulp  should  be  niixed  with  four  times  its  weight  of  glycerin  and 
water  (50  per  cent  glycerine,  49  per  cent  water,  1  per  cent  car- 
bolic acid)  and  this  is  done  most  effectively  by  passing  the  mixture 
between  the  rollers  of  a  Doring  mill.  The  more  watery  the  pulp, 
especially  if  it  is  not  to  be  used  immediately,  the  smaller  should  be 
the  proportion  of  glycerin.  The  emulsion  so  produced  can  then 
be  put  up  for  issue  in  vials.  The  slips  charged  with  the  serum  from 
the  calf  may  also  be  used  for  vaccinating.  Capillary  tubes  require 
especial  means  of  filling,  and  small  vials  filled  and  corked  answer 
the  purpose  admirably. 

Propagation. — Subsequent  animals  may  be  vaccinated  in  any  one  of 
the  three  ways:  (a)  slips  may  be  charged  from  typical  vesicles  on 
primary  vaccinations,  just  as  with  the  first  calf,  and  used  for  seed 
virus;  (6)  slips  charged  with  the  serum  from  the  calf  may  be  used  to 
vaccinate  a  second  calf;  (c)  the  glycerinated  emulsion  may  be  used 
to  vaccinate  succeeding  calves,  but  in  the  last  case  it  is  necessary  to 
keep  the  emulsion  a  varying  length  of  time — often  two  or  three 
months — ^before  it  is  fit  for  use  in  vaccination  of  the  calf,  since  the 
employment  of  fresh  glycerinated  pulp  on  a  succession  of  calves  leads 
to  prompt  degeneration  of  the  vaccine  and  to  the  production  of  in- 
fected vesidee. 

Oare  of  the  Calves. — ^AU  bedding  is  avoided  and  an  exclusively 
milk  diet  given ;  thus  much  of  the  otherwise  unavoidable  dust  is  done 
away  with. 

Laboratory. — ^The  laboratory  should  consist  of  at  least  three  rooms : 
(a)  stable;  (6)  operating-room;  (c)  laboratory-room.  It  should  be 
possible  to  make  and  keep  all  the  rooms  dean.  The  stable  and  oper- 
ating-room should  be  fludied  with  a  hose  and  hot  water  daily.  Ex- 
creta should  be  removed  immediately.  The  calves  can  be  kept  clean 
if  they  stand  on  a  raised  and  perforated  platform,  which  is  so  short 
that  the  defecations  cannot  fall  on  it,  and  if  they  have  no  bedding. 
They  must  be  fastened  to  keep  them  from  licking  the  scarifications. 
In  the  health  department,  when  a  calf  is  removed,  its  stall  and  plat- 
form are  scoured  with  a  brush  and  sodium  carbonate  solution.  The 
stable  should  be  provided  with  a  shovel,  broom,  hose,  horse  clipper. 
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cord,  and  with  halters,  buckets,  scrubbing  brushes,  and  sponges.  The 
operating-room  should  be  well  lifted  and  provided  with  a  table 
and  with  stools. 

The  only  requisites  for  the  table  are  that  it  should  be  heavy  and 
firm ;  that  it  should  have  holes  throu^  the  top  so  arranged  that  straps 
can  be  passed  through  them  to  hold  the  calf  down,  and  a  vertical 
strip  on  one  side  of  the  table  to  which  the  upper  hind  leg  of  the  calf 
can  be  fastened.  The  calf  can  be  thrown  upon  the  table  easily  by 
two  attendants. 

The  laboratory  should  also  be  well  lighted  and  furnished  with 
tables,  diairs,  desk,  case  for  instruments,  and  refrigerator.  It 
should  also  have  both  a  steam  and  a  dry-air  sterilizer,  a  set  of  scales 
weighing  to  grams  or  centigrams,  and  a  blast  lamp  and  bellows.  In 
stock  there  should  be  one  to  two  thousand  bone  slips  for  seed  virus, 
and  ten  to  fifteen  thousand  smaller  slips  for  issue;  two  or  more 
scarifiers;  a  curette;  four  to  six  razors  for  shaving  the  animals; 
a  razor  strop;  a  pair  of  large  scissors,  curved  on  the  flat,  for  clip- 
ping the  animals;  a  burette,  from  which  glycerin  flows  while  the 
vaccine  pulp  is  being  ground;  a  burette  holder;  a  Doring  vaccine 
grinder;  clinical  thermometers  to  take  the  temperature  of  the  ani- 
mals; six  to  twelve  small  glass  dishes  with  covers;  a  hard-rubber 
syringe,  of  four-ounce  capacity,  to  make  suction;  absorbent  cotton; 
glass  vials  and  corks;  and  several  pounds  of  soft  glass  tubing,  three- 
eighths  of  an  inch  in  calibre,  to  store  virus  emulsion.  There  should 
also  be  gowns  and  caps  for  the  attendants.  Sodium  carbonate,  bi- 
chloride of  mercury,  bromine  for  a  deodorizer,  alcohol,  carbolic  acid, 
and  glycerin  are  the  chemicals  needed. 

For  issue  for  public  vaccinations  there  are  also  needed  packing- 
boxes,  rubber  bands,  sheet  wadding,  needles,  and  wooden  toothpicis 
for  removing  the  virus  from  the  vials  and  rubbing  it  on  the  scarifica- 
tions. 

Yield. — The  material  obtained  from  the  five  children  should  vac- 
cinate at  least  five  calves;  it  may  easily  vaccinate  fifteen  calves. 
Ten  grams  of  pulp  and  two  hundred  charged  slips  would  be  an  aver- 
age yield  from  a  calf,  and  that,  when  ma(le  up,  should  sufiice  to  vac- 
cinate at  least  fifteen  hundred  persons.  Calves  vary  immensely  in 
the  yield.  Of  two  calves  vaccinated  in  precisely  the  same  way  one 
may  furnish  material  for  five  hundred  vaccinations  and  the  other 
for  ten  thousand  vaccinations. 

The  Durability  of  Olycerinated  Vims  in  Sealed  Tubes. — ^As  a  re- 
sult of  testing  from  time  to  time  an  immense  number  of  specimens 
of  vaccine,  the  conclusion  has  been  reached  that  vaccine  properly 
put  up  should  keep  at  least  three  months.  From  time  to  time  a 
single  lot  of  virus  will  fail  by  the  end  of  one  month.  Sometimes 
this  is  due  to  the  glycerin,  as  when  it  has  some  diemical  impurity, 
or  as  when  simply  it  is  not  diluted  sufficiently  with  water. 

Bacteria  in  Vaccine. — It  is  impossible  to  prepare  vaccine  on  a 
large  scale  so  that  it  is  at  the  time  of  its  removal  free  from  bacteria. 
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In  fact,  there  are  usually  very  large  numbers  of  one  or  more  varieties 
of  bacteria  present  When  the  stable  and  animals  have  been  kept 
clean  the  bacteria  comprise  usually  very  few  varieties;  when  dirty 
conditions  prevail  the  bacterial  varieties  are  more  numerous.  The 
number  of  bacteria  found  varies  enormously.  The  largest  number 
found  by  us  in  vaccine  pulp  from  the  calf  was  126,360  in  one  loop- 
ful,  and  the  smallest  number  523.  Discrete  vesicles  at  the  borders 
contain  many  less  bacteria  than  the  confluent  ones  caused  by  the  in- 
oculation at  the  scarification.  The  pulp  has  many  more  bacteria 
than  the  serum  of  the  vesicles.  The  period  which  elapses  before 
glycerinated  virus  becomes  sterile  is  also  quite  variable,  but  does  not 
depend  in  any  direct  way  upon  the  number  of  bacteria  originally  pres- 
ent A  very  large  number  may  disappear  rapidly,  and  a  few  persist 
for  a  long  time.  Upon  rabbits  a  practically  bacteria-free  vaccine 
can  be  obtained,  and  many  laboratories  now  use  rabbits  not  only  to 
intensify  the  virus  but  to  free  it  from  bacteria. 

After  two  or  three  weeks  the  number  of  living  bacteria  is  usually 
greatly  diminished,  especially  after  addition  of  glycerin-carbolic 
mixture  when  they  entirely  disappear.  Pathogenic  bacteria  other 
than  the  practically  non-virulent  skin  staphylococci  are  not  found 
when  animals  are  properly  kept  and  vaccinated. 

EfiScient  vaccine  should  be  inoculated  in  a  portion  of  skin  no  more 
than  one-sixteenth  inch  in  diameter. 
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80ABLET  FEVEB. 

Scarlet  fever  is  an  acute  febrile,  highly  infectious  disease,  char- 
acterized by  a  diffuse  punctate  erythematous  skin  eruption,  accom- 
panied by  catarrhal,  croupous  or  gangrenous  inflammation  of  the 
upper  respiratory  tract  and  by  manifestations  of  general  systemic 
infection. 

Historic  Note. — ^The  disease  was  probably  known  long  before  the 
Christian  era,  but  the  present  name  does  not  appear  until  the  time 
of  Sydenham  (1685),  who  differentiated  it  from  measles.  The 
cause  is  still  undetermined. 

Occurrence. — It  is  very  generally  disseminated  but  is  much  more 
common  in  temperate  climates  than  in  the  tropics. 

Etiology. — The  specific  exciting  factor  is  thought  by  many  to  be 
a  streptococcus,  of  the  Streptococcus  pyogenes  type,  but  the  evidence 
in  favor  of  this  view  is  very  slight 

Recently  Mallory  has  reported  the  presence  in  scarlet  fever  of 
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certain  bodies  which  he  considers  protozoa  and  the  probable  cause 
of  the  disease.  He  summarized  his  observations  as  follows :  "  In 
4  cases  of  scarlet  fever  certain  bodies  were  found  which  in  their  mor- 
phology strongly  suggest  that  they  may  be  various  stages  in  the  de- 
velopmental cycle  of  a  protozoan.  They  occur  in  and  between  the 
epithelial  cells  of  the  epidermis  and  free  in  the  superficial  lymph 
vessels  and  spaces  of  the  coriura.  The  great  majority  of  the  bodies 
vary  from  2/*  to  7/*  in  diameter,  and  stain  delicately  but  sharply 
with  methylene-blue.  They  form  a  series  of  bodies,  including  the 
formation  of  definite  rosettes  with  numerous  segments,  which  are 
closely  analogous  to  the  series  seen  in  the  asexual  development  (schiz- 
ogony) of  the  malarial  parasites,  but  in  addition  there  are  certain 
coarsely  reticulated  forms  which  may  represent  stages  in  sporogony 
or  be  due  to  degeneration  of  the  other  forms."  He  has  given  the 
name  Cyclasterion  8carla4;inale  to  these  bodies  in  consequence  of  the 
frequent  wheel  and  star  shapes  of  the  rosettes.  In  our  laboratory 
Field  in  1905  examined  10  scarlet  fever  autopsies  and  20  specimens 
of  living  skin  taken  from  patients  at  different  stages  of  the  disease, 
together  with  a  number  of  control  specimens  taken  from  measles, 
antitoxin  rashes  and  diphtheria ;  but  he  was  only  able  to  find  a  few 
of  Mallory's  less  characteristic  forms  and  these  only  in  the  scarlet 
fever  autopsy  cases. 

Duval  has  made  the  announcement  that  in  fluid  obtained  through 
blistering  the  skin  of  scarlet  fever  patients  by  a  very  quick  method 
he  has  obtained  bodies  which  he  interprets  as  forms  of  Mallory's 
protozoan. 

Field  obtained  similar  bodies  by  tiie  same  method  in  both  scarlet 
fever  and  measles  cases,  and  in  four  cases  of  scarlatiniform  anti- 
toxin rashes,  more  in  the  first  two  groups  than  in  the  last  He 
obtained  them  in  no  other  cases  so  far  examined.  Field  came  to 
the  conclusion  that  the  majority  of  them  are  from  degenerated  leuko- 
cytes. 

Since  1905  we  have  continued  the  studies  on  the  etiology  of  scarlet 
fever,  both  from  the  protozoan  and  the  bacteriologic  standpoint.  We 
have  examined  the  skin  of  46  new  cases  (17  living)  and  other  organs 
from  5  autopsies,  and  though  we  have  found  interesting  bodies  in  the 
tissue  taken  from  the  living,  as  well  as  from  the  dead,  some  corres- 
sponding  to  Mallory's  less  definite  forms,  we  have  been  unable  to 
demonstrate  morphologic  characteristics  distinct  enough  to  place 
these  bodies  among  the  microorganisms.     (Plate  V.,  Fig.  1.) 
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1.  Those  of  Mallory's  scarlet-fever  bodies,  similar  to  the  ones  found  by  us:  a,  in  oorium;  6,  c,  d, 
"  division  stages  "  within  epithelial  cells  (eosin  and  methylene  blue).  2.  Various  division  forms  of  the 
negri  bodies  (Giemsa  stain).  For  description  see  text.  3.  Smear  of  Ammon's  horn  of  dog,  showing 
negri  bodies  (B)  stained  red  in  the  large  blue-stained  nerve  cells;  N^  nucleus  of  nerve  cell.  (Van 
Gicson's  fuclisin  and  methylene-bliie  stain.) 
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Measles. — ^Field  states  that  he  found  a  moderate  number  of  deli- 
cately staining  nucleate  bodies  in  the  skin  and  blister  fluid  of  measles, 
as  well  as  in  scarlet  fever,  but  does  not  suggest  their  nature. 

A  tiny  influenza-like  bacillus  has  been  found  by  several  observers 
in  the  blood  and  nasal  discharges  of  measles  cases,  but  nothing  has 
been  proved  in  regard  to  its  causal  relationship  to  the  disease. 

Hektoen  has  produced  measles  in  two  human  cases  by  the  inocula- 
tion of  the  blood  drawn  from  an  infected  case  at  an  early  stage  of 
the  disease. 


CHAPTER   XLVIL 

RABIES.    YELLOW  FEVER. 

RABIES. 

Introduction. — Rabies  (synonyms:  Lyssa,  Hundswuth,  Rage,  Hy- 
drophobia) is  an  acute  infectious  disease  of  animals,  dependent  upon 
a  specific  virus,  and  communicated  by  inoculation  to  man.  It  is 
usually  associated  with  an  injury,  such  as  a  bite  of  dog  or  cat,  or 
the  inoculation  of  the  broken  surface  with  the  saliva  of  an  animal 
affected  with  the  disease.  The  name  rabies  is  given  to  the  disease 
because  of  its  most  frequent  and  characteristic  symptom — furor  or 
madness.  Lyssa  is  the  Greek  word  meaning  the  same  thing.  Hy- 
drophobia (Greek,  fear  of  water)  is  another  name  commonly  used, 
which  is  also  given  because  of  a  frequent  symptom  of  the  disease,  the 
apparent  fear  of  water. 

Historical  Notes. — ^Rabies  is  probably  one  of  the  oldest  diseases  in  exist- 
ence, but  because  of  the  occurrence  of  so  few  human  cases,  and  because 
the  disease  develops  so  long  after  the  bite,  its  source  was  for  a  long  time  not 
known  nor  was  it  recognized  as  a  separate  disease.  Hippocrates  does  not 
mention  it  in  his  writing,  but  Aristotle  about  50  years  later  (about 
300  B.  C.)  speaks  of  its  being  purely  an  animal  disease  and  being  carried 
by  the  bite  of  one  animal  to  another.  Celsus  in  the  first  century  was  the  first 
to  give  in  writing  a  detailed  description  of  human  rabies.  He  speaks  of  it 
being  produced  by  the  bite  of  rabid  animals  and  states  that  the  wound  must 
be  thoroughly  bathed  and  then  burned  with  a  hot  iron  in  order  to  prevent 
the  development  of  the  disease,  for  after  symptoms  appear  death  always 
follows.  As  Celsns  was  not  a  physician  he  must  have  gotten  his  knowled^ 
from  writings  which  have  since  been  lost.  Other  writers  soon  after  gave^ 
very  true  descriptions  of  the  symptoms  and  handling  of  the  disease. 

Many  hundred  years  passed  after  this  without  adding  anything  to  our 
knowledge  of  the  disease,  though  authors  on  the  subject  were  numerous. 
Van  Sweiten  in  1770  observed  the  paralytic  form  of  rabies  in  human  beings. 
At  this  time  several  authors,  among  them  Morgagni  and  Zwinger,  beheved  that 
the  bite  of  a  dog  which  was  not  suffering  from  rabies  might  produce  the  dis- 
ease in  man.  In  1802  Bosquillon  brought  forth  the  original  idea  that  belief  in 
the  existence  of  infectious  material  in  rabies  was  a  chimera  and  that  hydro- 
phobia was  simply  due  to  fright.  This  false  idea  had  adherents  for  a  long 
time ;  even  now,  by  a  few  people,  it  is  thought  to  be  a  true  one. 

Among  the  host  of  good  observers  who  studied  the  disease  during  the 
latter  part  of  the  nineteenth  century,  Pasteur  stands  out  as  the  discoverer,  in 
1880,  of  the  fact  that  the  disease  may  be  prevented  by  inoculating  gradually 
increasing  doses  of  the  virus  into  the  person  or  animal  bitten.  This  treat- 
ment with  some  modifications,  the  details  of  which  will  be  given  later,  is 
still  used,  though  many  efforts  have  been  made  to  develop  an  efficient  serum 
treatment.  Pasteur,  as  well  as  numerous  other  investigators,  tried  to  discover 
the  specific  cause  of  rabies,  but  all  of  their  results  were  negative.  The  im- 
portance of  making  a  quick  diagnosis  had  become  so  evident  that  the  efforts 
oi  many  workers  were  directed  towards  this  end  alone. 
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Pasteur  and  his  immediate  followers  relied  for  their  diagnosis  entirely  npon 
rahbit  inoculations,  and  this  meant  a  fifteen  to  twenty  days'  wait  before  the 
patient  knew  whether  or  not  the  treatment  he  was  receiving  was  necessary. 
Ill  1898  this  time  was  shortened  to  about  nine  days  in  our  laboratory  by 
Wilson,  who  found  that  guinea-pigs  came  down  with  the  disease  much  more 
quickly  than  rabbits.  From  time  to  time  it  has  been  thought  that  certain 
histologic  findings  were  diagnostic;  for  instance,  the  ''rabic  tubercles"  of 
Babes,  and  the  areas  of  '*  round  and  oval-celled  accumulation  in  the  cerebro- 
spinal and  sympathetic  ganglia"  of  Van  Gehuchten  and  Nelis,  were  said  to 
be  specific  but  further  study  has  shown  that  they  are  not  absolutely  specific 
for  rabies.  In  many  cases  the  whole  picture  of  the  grosser  histologic 
changes  is  sufficiently  characteristic  to  warrant  the  diagnosis  of  rabies,  but 
often  it  is  not  so. 

It  was  not  until  Negri,  in  1903,  described  certain  bodies  seen  by  him  in 
large  nerve  cells  in  sections  of  the  central  nervous  system,  that  anything 
was  found  which  seemed  absolutely  specific  for  hydrophobia.  Negri  claims 
that  these  bodies  are  not  only  specific  for  rabies,  but  that  they  are  probably 
animal  parasites,  and  the  cause  of  the  disease. 

Negri's  later  studies  confirm  his  previous  work  and  add  some  new  facts 
ill  regard  to  the  structure  of  the  larger  bodies. 

His  work,  especially  as  far  as  the  diagnostic  value  of  these  bodies  is  con- 
cerned, has  been  corroborated  by  investigators  in  almost  all  parts  of  the 
scientific  world,  among  them  workers  in  our  own  laboratory  who  not  only 
determined  their  worth  in  diagnosis,  but  investigated  their  nature. 

In  January  of  1906  a  preliminary  communication  of  part  of  our  work 
was  made.  Emphasis  was  placed  upon  the  fact  tiiat  the  demonstration  of 
the  "Negri  bodies"  by  the  "smear  method"  which  was  recommended  by 
Williams  in  1904  had,  by  better  technic,  proved  to  be  wonderfully  successful. 
By  this  method  it  was  said  that  the  structure  of  the  "  bodies  "  is  brought  out 
more  definitely  than  by  the  section  method,  and  the  whole  process  is  much 
simplified  and  may  be  completed  within  half  an  hour  after  removal  of  the 
nerve  tissue  from  the  animal. 

The  summary  and  conclusions  of  our  work  published  in  May, 
1906,  are  given  as  follows: 

1.  The  smear  method  of  examining  the  Negri  bodies  is  superior 
to  any  other  method  so  far  published  for  the  following  reasons:  (a) 
It  is  simpler,  shorter,  and  less  expensive;  (&)  The  Negri  bodies 
appear  much  more  distinct  and  characteristic.  For  this  reason  and 
the  preceding  one,  its  value  in  diagnostic  work  is  great;  (c)  The 
minute  structure  of  the  Negri  bodies  can  be  demonstrated  more 
clearly ;  (d)  Characteristic  staining  reactions  are  brought  out. 

2.  The  Negri  bodies  as  shown  by  the  smears  as  well  as  by  the  sec- 
tions are  specific  to  hydrophobia. 

3.  Numerous  "  bodies  "  are  found  in  fixed  virus. 

4.  "  Bodies  "  are  found  before  the  beginning  of  visible  symptoms 
— i,  e,,  in  rabbits  on  the  fourth  day  in  fixed  virus,  on  the  seventh 
day  in  street  virus — and  evidence  is  given  that  they  may  be  found 
early  enough  to  account  for  the  appearance  of  infectivity  in  the  host 
tissues. 

5.  Forms  similar  in  structure  and  staining  qualities  to  the  others, 
but  just  within  the  limits  of  visible  structure  (at  1,500  diam.  magni- 
fication) have  been  seen.  Such  tiny  forms,  considering  the  evidence 
they  give  of  plasticity,  might  be  able  to  pass  the  coarser  Berkefeld 
filters. 
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6.  The  Negri  bodies  are  organisms  belonging  to  the  class  proto- 
zoa. The  reasons  for  this  conclusion  are:  (a)  They  have  a  definite, 
characteristic  morphology;  (&)  This  morphology  is  constantly  cyclic, 
i.  e.,  certain  forms  always  predominate  in  certain  stages  of  the  dis- 
ease, and  a  definite  series  of  forms  indicating  growth  and  multiplica- 
tion can  be  demonstrated;  (c)  The  structure  and  staining  qualities, 
as  shown  especially  by  the  smear  method  of  examination,  resemble 
those  of  certain  known  protozoa,  notably  of  the  riiizopoda. 

7.  If  the  "  Negri  bodies  "  are  living  organisms  they  are  the  cause 
of  hydrophobia ;  a  single  variety  of  living  organisms  found  in  such 
large  numbers  in  every  case  of  disease,  and  only  in  that  disease, 
appearing  at  the  time  the  host  tissue  becomes  infective,  in  regions 
that  are  infective,  and  increasing  in  these  infective  areas  with  the 
course  of  the  disease  can  be  no  other,  according  to  our  present  views, 
than  the  cause  of  that  disease. 

Since  this  report  was  published  about  500  more  cases  of  rabies 
(280  street  cases  and  the  rest  experimental  ones)  have  been  more  or 
less  studied  by  us  and  our  former  conclusions  have  been  more  firmly 
established. 

A  number  of  observers,  however,  still  believe  that  the  Negri  body 
as  a  whole  is  principally  the  result  of  cell  degeneration  and  that  the 
specific  organism  may  be  contained  within  it 

Material  and  Methods  for  Class  Study. — ^In  New  York  one  may  ahnost 
constantly  obtain  fresh  brains  of  rabid  animals,  from  veterinary  hospitals  or 
from  the  laboratories  handling  this  material.  Two  methods  have  been  used 
in  helping  to  study  the  principal  site  of  infection. 

(1)  Animal  inoculations;    (2)  Sections  and  smears. 

The  first  method  is  used  as  a  decisive  test  in  diagnosis  Tvhen  results  from 
the  second  method  are  doubtful. 

The  technic  of  the  smear  method  used  at  present  in  the  Research  Laboratory 
of  the  New  York  City  Health  Department  is  as  follows: 

1.  Glass  slides  and  cover-glasses  are  washed  thoroughly  with  soap  and 
water,  then  heated  in  the  flame  to  get  rid  of  oily  substances. 

2.  A  small  bit  of  the  gray  substance  of  brain  chosen  for  examination  is 
cut  out  with  a  small  sharp  pair  of  scissors  and  placed  about  one  inch  from 
the  end  of  the  slide,  so  as  to  leave  enough  room  for  a  label.  The  cut  in  the 
brain  should  be  made  at  right  angles  to  its  surface  and  a  thin  slice  taken, 
avoiding  the  white  matter  as  much  as  possible. 

3.  A  cover-slip  placed  over  the  piece  of  tissue  is  pressed  upon  it  until 
it  is  spread  out  in  a  moderately  thin  layer;  then  the  cover-slip  is  moved 
slowly  and  evenly  over  the  slide  to  the  end  opposite  the  label.  Only  slight 
pressure  should  be  used  in  making  the  smear,  but  slightly  more  should  be 
exerted  on  the  cover-glass  toward  the  label  side  of  the  sUde,  thus  allowing 
more  of  the  nerve  tissue  to  be  carried  farther  down  the  smear  and  producing 
more  well-spread  nerve  cells.  If  any  thick  places  are  left  at  the  edge  of  the 
smear,  one  or  two  of  them  may  be  spread  out  toward  the  side  of  the  slide 
with  the  edge  of  the  cover-glass.  If  the  first  smear  does  not  seem  to  be  well 
spread  out  others  should  be  made  until  a  satisfactory  one  is  obtained. 

4.  For  diagnosis  work  such  a  smear  should  be  made  from  at  least,  three 
different  parts  of  gray  matter  of  the  central  nervous  system;  first,  from  the 
cortex  in  the  region  of  the  fissure  of  Rolando  or  in  the  r^on  corresponding 
to  it  (in  the  dog,  the  convolution  around  the  crucial  sulcus),  second,  from 
Ammon's  horn,  and  third,  from  the  gray  matter  of  the  cerebellum. 

5.  The  smears  are  partially  dried  in  air  and  fixed  for  about  ten  seconds  in 
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neutralised  methyl  alcohol  to  which  one-tenth  per  cent,  picric  acid  is  added. 

6.  The  alcohol  is  removed  by  pressing  fine  filter  paper  gently  over  the 
smear. 

7.  The  methylene-blue-fuchsin  staining  mixture  recommended  by  Van 
Gieson  is  pour^  over  the  slide,  warmed  until  it  steams,  poured  off,  and  the 
smear  is  washed  in  running  tap  water,  and  allowed  to  dry,  the  excess  of  water 
being  removed  with  fine  filter  paper. 

The  staining  mixture  recommended  by  Van  Gieson  is  made  by  us  at  pres- 
ent as  follows: 

5.  e.c.  distilled  H,0;  10  drops  sat.  ale.  sol.  meth.-blue;  2  drops  sat  ale 
sol.  basic  fuchsin. 

This  mixture  in  room  temperature  in  diffuse  daylight  will  keep  for  a  day, 
and  possibly  two.  In  the  dark  at  room  temperature  it  retains  its  staining 
powers  a  little  longer.  At  ice-box  temperature  it  lasts  a  much  longer  time, 
probably  indefinitely. 

Other  methods  we  have  found  useful  for  staining  smears  are  the  following : 

Giemsa's  Solution. — Smears  are  fixed  in  neutralized  methyl  alcohol  for 
one  minute.  The  staining  solution  recommended  last  by  Giemsa*  (1  drop  of 
the  stain  to  every  c.c.  of  distilled  water  made  alkaline  by  the  previous  addition 
of  one  drop  of  a  1  per  cent,  solution  of  potassium  carbonate  to  10  c.c.  of  the 
water)  is  poured  over  the  slide  and  allowed  to  stand  for  one-half  to  three 
hours.  The  longer  time  brings  out  the  structure  better,  and  in  twenty-four 
hours  well-made  smears  are  not  overstained.  After  the  stain  is.  poured  off, 
the  smear  is  washed  in  running  tap  water  for  one  to  three  minutes,  and 
dried  with  filter  paper.  If  the  smear  is  thick,  the  "  bodies  "  may  come  out  a 
little  more  clearly  by  dipping  in  50  per  cent,  methyl  alcohol  before  washing 
in  water;  then  the  washing  need  not  be  as  thorough.  By  this  method  of 
staining,  the  cytoplasm  of  the  ''bodies"  stains  blue  and  the  central  bodies 
and  chromatoid  granules  stain  a  blue-red  or  azur.  Generally  the  larger 
"  bodies  "  are  a  darker  blue  than  the  smaller,  the  smallest  of  aU  may  be  very 
light.  The  cytoplasm  of  the  nerve  cells  stains  blue  also,  but  with  a  success- 
fully made  smear  the  cytoplasm  is  so  spread  out  that  the  outline  and 
structure  of  most  of  the  "  bodies  "  are  seen  distinctly  within  it.  The  nuclei 
of  the  nerve  cells  are  stained  red  with  the  azur,  the  nucleoli  a  dull  blue,  the 
red  blood  cells  a  pink-yellow,  more  pink  if  the  decolorization  is  used.  The 
"bodies"  have  an  appearance  of  depth,  due  to  their  slightly  refractive 
qualities. 

The  Eosin-metliylene-bliie  Method  Becommended  by  Mallory. — The  smears 
are  fixed  in  Zenker's  solution  for  one-half  hour;  after  being  rinsed  in  tap 
water  they  are  placed  successively  in  95  per  cent,  alcohol  +  idoine  one- 
quarter  hour,  95  per  cent,  alcohol  one-half  hour,  absolute  alcohol  one-half 
hour,  eosin  solution  twenty  minutes,  rinsed  in  tap  water,  methylene-blue 
solution  fifteen  minutes,  differentiated  in  95  per  cent,  alcohol  from  one 
to  five  minutes,  and  dried  with  filter  paper.  With  this  method  of  stain- 
ing, the  cytoplasm  of  the  "  bodies  "  is  a  magenta,  light  in  the  small  bodies, 
darker  in  tlie  larger;  the  central  bodies  and  chromatoid  granules  are  a  very 
dark  blue,  the  nerve-cell  cytoplasm,  a  light  blue,  the  nucleus  a  darker  blue, 
and  the  blood  cells  a  brilliant  eosin  pink.  With  more  decolorization  in  the 
alcohol  the  "bodies"  are  not  such  a  deep  magenta  and  the  difference  in 
color  between  them  and  the  red  blood  cells  is  not  so  marked. 

*  Azur  n — Eosin 3.0   g. 

Azur  n , 0.8 

Glycerin  (Merk.  ehem.  pure) 250.0  c.c. 

Methyl  alcohol  (chem.  pure) 250.0 

Both  glycerin  and  alcohol  are  heated  to  60°  C.     The  dyes  are  put  into  the  al- 
cohol and  the  glycerin  is  added  slowly,  stirring.     The  mixture  is  allowed  to  stand 
at  room  temperature  over  night,  and  after  filtration  is  ready  for  use. 
The  solution  is  prepared  ready  for  use  by  Grubler,  Leipzig. 

40 


610  PATHOOENIC  MICBO^BGANISMS. 

The  technio  of  the  section  work  is  as  follows:  (1)  The  small  pieces  are  left 
in  Zenker's  fluid  for  three  to  four  hours;  (2)  washed  in  tap  water  for  five 
minutes;  (3)  placed  in  80  per  cent,  alcohol  +  iodine*  (enough  tincture  of 
iodine  added  to  give  port  wine  color)  for  ahout  twenty-four  hours;  (4)  95 
per  cent,  alcohol  +  iodine  twenty-four  hours;  (5)  95  per  cent,  alcohol  twenty- 
four  hours;  (6)  absolute  alcohol  from  four  to  six  hours;  (7)  cedar  oil  until 
cleared;  (8)  cedar  oil  -f  parafSn  52**,  two  hours;  (9)  paraffin  52°,  two 
hours  in  each  of  two  baths;  (10)  boxing;  (11)  sections  are  cut  at  3  to  6/i, 
dried  in  thermostat  at  36°  C.  for  about  twenty-four  hours  protected  from 
the  dust,  and  stained  according  to  the  eosin  and  methylene-blue  method 
recommended  by  Mallory.  The  most  important  point  in  the  technic  is  the 
time  the  material  is  allowed  to  remain  in  Zenker.  According  to  our  experi- 
ence, two  hours  fixation  is  not  enough,  three  to  eight  hours  is  very  good,  and 
with  every  hour  after  eight  hours  the  results  become  less  satisfactory.  Left 
in  Zenker  over  night  the  tissue  is  granular  and  takes  the  eosin  stain  more  or 
less  deeply,  both  of  which  results  interfere  with  the  appearance  of  the 
tiniest  "bodies,"  especially  of  the  very  delicate,  tiny  forms  found  by  us  in 
sections  from  fixed  virus. 

In  regard  to  the  rest  of  the  technic,  it  is  sufficient  to  say  that  the  changes 
to  the  different  fluids  are  made  with  great  regularity,  and  the  final  differen- 
tiation in  alcohol  of  the  stained  sections  is  done  most  carefully. 

In  the  sections  made  in  this  way  we  have  been  able  to  demonstrate  clearly 
very  tiny  forms  as  well  as  good  structures  in  the  larger  forms. 

Morphology  of  the  Negri  Bodies  (Plate  V.,  Figs.  2  and  3). — Size. 
The  largest  forms  measured  are  about  IS/ia  and  the  smallest  about 
0.5/t. 

Shape. — They  are  round,  oval,  oblong,  triangular  or  ameboid. 
The  latter  are  more  numerous  in  the  fixed  virus  of  rabbits  and 
guinea-pigs. 

Number. — They  vary  in  number  according  to  the  stage  of  flie 
disease  and  to  the  infectivity  of  the  part. 

Site. — They  are  situated  chiefly  in  the  cytoplasm  and  along  the 
fibres  in  the  branches  of  the  large  nerve  cells  of  the  central  nerv- 
ous system.  In  parts  of  smears  which  are  more  broken  up  tiie  bodies 
may  appear  as  if  lying  free,  and  it  is  these  bodies,  if  the  pressure 
be  not  too  great  in  smearing,  that  show  the  structure  best  In  some 
cases  the  bodies  are  distinctly  localized  in  small  scattered  areas  of  the 
central  nervous  system. 

Structure. — This  is  shown  especially  well  in  smears.  Whatever 
the  variety  or  species  of  animal  infected,  the  bodies  preserve  the 
same  general  characteristic  structure,  i.  c,  a  hyaline-like  cytoplasm 
with  an  entire  margin,  containing  one  or  more  chromatin  bodies 
having  a  more  or  less  complicated  and  regular  arrangement 

Their  structure  varies  to  a  certain  extent  with  their  size.  In  fixed 
virus,  with  an  occasional  exception,  only  tiny  forms  are  found  (Plate 
v.,  Fig.  2  0^). 

These  are  rounded  or  sometimes  wavy  in  outline,  as  if  possessing 
slight  amoeboid  motion,  sometimes  elongated,  extendinsr  along  the 
rim  of  the  host-cell  nucleus,  or  along  one  of  the  nerve  fibrils,  as  if 

*  Better  results  are  obtained  by  treating  the  tissue  with  iodine  after  the  sections 
are  cut,  just  before  staining,  as  they  then  do  not  need  to  be  so  long  a  time  in  the 
iodine  solution — ten  minutes  to  half  an  hour  being  sufficient. 
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moving  there;  with  eosin  and  methylene-blue  they  take  a  delicate 
light  magenta  stain,  very  similar  to  that  taken  by  the  small  serum 
globules  in  the  blood  vessels.  Many  of  tie  organisms,  however, 
show  a  small  chromatin  granule,  situated  more  or  less  eccentrically, 
sometimes  on  the  very  rim  of  the  body.  In  the  larger  forms  the 
granule  is  large,  in  the  smaller  it  cannot  always  be  seen ;  some  of  the 
larger  forms  show  from  two  to  several  granules  and  occasionally 
there  is  a  body  with  the  definite  central  body  and  the  small  granules 
about  it 

Detailed  Characteristics  of  Structure  in  the  Large  Forms  (Plate 
v..  Fig.  2  e-f). — ^In  smears,  as  well  as  in  sections,  the  cytoplasm  ajv 
pears  quite  homogeneous ;  tiere  is  no  evidence  of  a  reticulum,  or  of 
a  granular  structure  outside  of  tie  definite  chromatoid  granules. 
The  smears,  however,  have  brought  out  one  important  point  in  regard 
to  the  cytoplasm  more  clearly  than  the  sections,  and  that  is  that  it 
is  more  basophilic  than  acidophilic  in  staining  qualities.  With  the 
Giemsa  stain,  as  we  have  already  seen,  it  takes  the  methylene-blue 
stain  more  than  the  eosin-red,  and  even  with  the  simple  eosin  methy- 
lene-blue stain  the  protoplasm  appears  as  a  deep  magenta  unless 
much  decolorized. 

In  studying  the  central  bodies  of  these  organisms,  as  they  appear 
in  the  smears,  one  of  the  first  things  noticeable  is  that  they  are  not 
surrounded  by  a  dear  space — that  there  is  no  sign  of  a  vacuolar  ap- 
pearance in  the  body.  This  is  a  very  different  appearance  from  that 
given  in  the  sections,  and  it  shows  that  the  vacuoles  seen  in  the  sec- 
tions are  artefacts  due  to  the  technic.  We  notice  next  that  in  the 
great  majority  of  the  oi^nisms  the  central  body  stands  out  clearly, 
as  decidedly  different  in  structure,  and  slightly  so  in  staining  quali- 
ties, from  the  chromatoid  granules  which  surround  it  The  general 
type  of  the  structure  of  the  central  body  is  that  of  many  well-known 
protozoan  nuclei. 

The  chromatin  is  arranged  in  a  more  or  less  granular  ring  around 
the  periphery  of  the  central  body  or  nucleus,  leaving  an  achromatic 
or  more  acid-staining  centre  in  which  is  situated,  generally  eccen- 
trically, a  varying^sized  karyosome  (Plate  V.,  Fig.  2p).  There  are 
a  number  of  variations  from  this  principal  type,  according  to  stage 
of  development  Often  the  whole  nucleus  answers  to  the  descrip- 
tion of  the  compound  karyosome  given  by  Calkins  in  his  description 
of  the  protozoan  nucleus.  In  the  tiny  "  bodies,"  as  we  have  said, 
the  chromatin  can  only  be  seen  as  a  dot;  in  those  a  little  larger  it 
may  be  a  large  solidly-staining  granule,  or  a  ring  or  rod,  the  latter 
often  hour-glass  shaped.  In  forms  large  enough  for  the  character- 
istic structure  to  be  developed  and  to  be  clearly  seen,  the  central 
body  may  show  evidence  of  fragmentation  (Plate  V.,  Fig.  Iq,  etc.). 

Just  such  evidence  of  frafirmentation  is  shown  in  many  protozoan  nuclei 
preparatory  to  division,  notably  among  the  rhizopoda.  It  is  interesting  that 
forms  showing  this  phase,  and,  moreover,  very  similar^in  general  appearance 
to  some  of  the  forms  seen  here,  have  been  depicted  by  Doflein  in  tiie  early 
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stages  of  the  life-cycle  of  Noaema  lophii,  a  myxosporidimn,  parasitic  in  the 
ganglion  cells  of  a  fish  Lophiua  piscatoriua. 

The  fragmented  particles  seem  to  be  leaving  the  nucleus  in  cer- 
tain forms,  and  in  this  way  presumably  the  chromatoid  granides  are 
produced,  thus  forming  a  kind  of  diromidium. 

The  chromatoid  granules  are  most  frequently  arranged  in  a  more 
or  less  complete  circle  about  the  nucleus.  They  are  somewhat  ir- 
regular in  outline  and  size,  being  occasionally  ring-shaped,  some- 
times elongated,  often  in  two's,  due  probably  to  active  changes  of 
growth  and  division.  They  take  generally  a  more  mixed  chromatin 
stain  than  the  chromatin  of  the  nucleus. 

Evidences  of  Division. — ^AU  stages  in  transverse  division  are  seen. 
Many  evidences  of  budding  are  also  seen.  The  chromatoid  granules 
divide  and  pass  out  with  part  of  the  cytoplasm  as  a  bud. 

The  chromatin  continues  to  divide  or  fragment  in  certain  forms 
until  there  is  a  mass  of  small  forms  which  usually  break  down. 

Diagnosifl  of  Babies. — In  our  laboratory,  for  the  past  two  years, 
or  since  we  have  used  the  smear  method  in  routine  diagnosis,  there 
have  been  650  cases  in  all  examined,  including  suspected  rabies  and 
controls. 

These  are  divided  into  two  groups,  the  first  comprising  the  cases 
sent  in  from  outside,  for  diagnosis  only,  and  the  second,  the  experi- 
mental cases. 

Since  the  publication  of  our  work  in  May,  1906,  in  our  routine 
work  we  have  considered  the  presence  of  the  Negri  bodies  in  smears 
as  diagnostic  of  rabies  and  have  made  no  further  tests,  except  in 
those  cases  which  we  have  used  in  our  experimental  work.  Through 
this  experimental  work,  however,  we  have  added  125  cases  to  the  list 
of  those  which  had  the  comparative  tests  and  our  former  conclusions 
have  been  more  firmly  established. 

Of  the  500  casesy  273  are  street  cases  and  227  experimental.  Of  the  273 
street  cases  190  showed  typical  negri  bodies,  and  83  showed  no  definite 
forms.    All  of  the  latter  and  29  of  the  former  were  inoculated  into  animals. 

Of  the  85  classed  under  doubtful  cases,  12  brains  were  too  decomposed  to 
show  anything,  4  of  these  were  positive;  8  brains  were  soft  and  showed 
suspicious  bodies,  2  of  these  were  positive;  4  were  in  good  condition  and 
showed  suspicious  bodies,  2  of  these  were  positive;  the  62  remaining  ones 
showed  absolutely  no  suspicious  bodies  and  all  were  negative  to  animal  in- 
oculations. 

We  see,  then,  that  in  all  of  our  work  controlled  by  careful  animal 
inoculations  we  have  never  yet  failed  to  have  typical  rabies  develop 
in  animals  inoculated  with  material  showing  definitely-structured 
Negri  bodies.  I^egative  results  after  inoculation  with  such  material 
must  be  interpreted  at  present  as  due  to  some  error  in  technic,  such 
as  regurgitation,  or  hemorrhage  at  the  time  of  inoculation,  emulsion 
improperly  made,  not  enough  of  the  virulent  material  taken  because 
of  localization  of  the  organisms,  etc. 

Possibly  individual  resistance  of  the  animal  inoculated  might  play  a  part 
W?  Jwve  used  principally  guinea-pigs,  and  some  of  them  have  shown  enough 
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iiTegalarity  in  r^ard  to  the  time  in  which  they  have  come  down  with  the 
disease  to  suggest  a  varied  individual  susceptibility^  if  other  factors  can  be 
ruled  out. 

On  the  other  hand,  material  in  which  we  have  failed  to  demon- 
strate typicaUy-stnictured  bodies  has  produced  rabies.  All  of  this 
material,  however,  since  we  have  improved  our  technic,  has  shown 
suspicious  small  forms  similar  to  those  found  in  rabbitrfixed  virus. 
But  any  decomposing  brain  may  also  show  in  smears  bodies  very 
similar  to  these  tiny  forms,  therefore  it  is  difficult  to  rule  out  rabies 
in  such  cases.  Of  course  the  animal  test  will  probably  always  have 
to  be  used  with  brains  that  are  too  decomposed  to  show  any  formed 
elements  except  bacteria,  unless  a  reliable  chemical  test  can  be  dis- 
covered. 

So  far  we  have  not  had  rabies  produced  by  fresh  brains  showing  no 
Negri  bodies,  and  no  suspicious  forms,  but  a  few  observers  have 
claimed  that  such  material  has  produced  the  disease.  Therefore, 
until  we  can  standardize  our  technic,  we  must  in  all  such  cases  use 
animal  inoculations.  We  may,  however,  be  reasonably  certain  that 
a  case  showing  such  negative  material  was  not  a  case  of  rabies.  We 
may  summarize  our  knowledge  in  regard  to  the  worth  of  the  smear 
method  in  diagnosis  as  follows : 

1.  Negri  bodies  demonstrated,  diagnosis  rabies. 

2.  Negri  bodies  not  demonstrated  in  fresh  brains,  very  probably  not  rabies. 

3.  Negri  bodies  not  demonstrated  in  decomposing  brains,  uncertain. 

4.  Suspicious  bodies  in  fresh  brains,  probably  rabies. 

The  localization  of  the  Negri  bodies  is  an  important  point  in  mak- 
ing diagnoses.  We  have  found  well-developed  bodies  distinctly 
localized  in  different  parts  of  the  brain  in  several  instances.  In  one 
horse  there  were  small  widely  scattered  areas  of  well-structured 
forms  throughout  the  cerebellimi,  while  tiny,  indefinite  forms  were 
scattered  through  the  rest  of  the  brain  examined.  In  two  human 
brains  well-developed  forms  were  found  in  the  corpus  striatum  and 
not  in  the  rest  of  the  brain.  In  several  dogs  the  localization  has 
also  been  marked. 

Pathogenesis. — Natural  Infection. — The  disease  occurs  in  nature 
among  the  following  animals  given  in  order  of  their  frequency ;  dogs, 
cats,  wolves,  horses,  cows,  pigs,  deer,  man,  and  in  fact,  as  all  warm- 
blooded animals  are  more  or  less  susceptible  to  inoculations,  all  may 
presumably  contract  the  disease  when  an  open  wound  is  brought  in 
contact  with  infectious  material  of  a  rabid  animal.  Sabies  occurs 
in  almost  all  parts  of  the  world.  It  is  most  common  in  Russia, 
France,  Belgium  and  Italy;  it  is  not  infrequent  in  Austria  and  in 
those  parts  of  Germany  bordering  on  Kussia.  In  this  hemisphere 
it  is  infrequent  in  Canada,  but  in  the  United  States  the  cases  are 
increasing  in  numbers,  especially  during  the  last  year  when  there 
have  been  several  epidemics  in  some  of  the  northwestern  states.  In 
England  it  is  less  frequent  than  formerly,  in  Mexico  and  South 
America  it  occurs  occasionally;  while  in  North  Germany,  Switzer- 
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land,  Holland  and  Denmark  it  is  extremely  rare,  owing  to  the  wise 
provision  that  all  dogs  shall  be  muzzled.  In  Australia  it  is  un- 
known, probably  because  every  dog  imported  into  the  island  must 
first  undergo  a  six  months  quarantine.  In  the  vicinity  of  New  York 
it  seems  to  be  on  the  increase. 

The  contagion  is  supposed  always  to  be  carried  through  the  bite  of 
a  rabid  animal  or  through  the  sputum  of  sudi  an  animal  coming  in 
contact  with  an  open  wound. 

In  this  connection  the  question  as  to  how  long  the  spntom  of  a  rabid  dog 
may  remain  vimlent  after  it  drops  from  the  animal  is  an  interesting  one. 
A  case  came  under  our  observation  in  1906  which  illustrates  this  point.  A 
child  of  six  years  came  down  with  typical  rabies  in  a  neighborhood  where 
there  had  recently  been  several  cases  of  canine  rabies,  but  no  history  of  a 
bite  could  be  obtained.  The  parents  were  sure  she  had  not  been  bitten. 
Six  weeks  before,  however,  the  child  had  fallen  in  the  street  and  cut  her 
cheek  severely  on  a  jagged  stone.  The  wound  was  cauterized  and  healed 
without  further  trouble.  A  mad  dog  had  been  on  that  street  just  before  this 
occurred.  It  is  reasonable  to  suppose  that  the  stone  had  on  it  some  of  the 
sputum  from  that  dog  and  so  the  child  was  infected.  Such  a  case  would  not 
occur  very  often,  but  the  possibility  should  be  considered. 

In  regard  to  the  question  as  to  whether  the  bite  of  apparently 
healthy  animals  may  give  the  disease,  it  may  be  said  that  judging 
from  laboratory  experiments,  some  animals  may  have  a  light  attack 
of  the  disease  and  recover  spontaneously,  though  such  cases,  if  they 
occur,  are  probably  extremely  rare. 

Occupation  seems  to  have  an  effect  upon  the  number  of  cases 
among  humans  in  one  way.  Those  people  who  are  much  in  the 
counixy  or  on  the  streets — in  other  words,  those  who  might  come  most 
frequently  in  contact  with  rabid  animals — ^most  frequently  contract 
the  disease;  otherwise  neither  age,  sex,  nor  occupation  has  any  effect 

The  time  of  the  year  seems  to  have  little  effect,  though  most  cases 
are  said  to  occur  during  the  summer  months.  The  nimibers  vary 
with  different  years.  This  year  (1907)  we  had  as  many  cases  in 
January  as  in  August  and  in  September,  and  more  in  June  than  in 
any  other  month. 

The  certainty  with  which  the  disease  may  be  produced  after  a 
bite,  and  the  rapidity  of  its  development,  have  been  found  to  be 
governed  by  three  factors:  (1)  the  quantity  of  the  rabic  virus  in- 
troduced; (2)  the  point  of  inoculation;  (3)  the  strength  of  the 
virus  as  determined  by  the  kind  of  animal  which  affords  the  culti- 
vation ground  for  the  growth  of  the  organism.  It  is  a  matter  of 
common  observation  in  hydrophobia  of  man  that  slight  wounds  of 
the  skin,  of  the  limb,  and  of  the  back  are  often  followed  by  the  dis- 
ease after  an  extremely  long  period  of  incubation ;  while  in  lacerated 
wounds  of  the  tip  of  the  fingers,  where  small  nerves  are  numerous,  or 
where  the  muscles  and  nerve  trunks  are  reached,  or  in  lacerated 
wounds  of  the  face,  where  there  is  also  an  abundance  of  nerves, 
the  period  of  incubation  is  usually  mudi  shorter  and  the  disease 
generally  more  rapid. 
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Experimental  Infection  in  animals  is  produced  with  the  greatest 
certainty  when  the  material  from  the  central  nervous  system  of  an 
infected  animal  is  injected  beneath  the  dura  mater  of  the  brain.  It 
may  be  produced  almost  as  certainly  when  the  injection  is  made 
into  the  anterior  chamber  of  the  eye  or  into  the  greater  nerve  tnmks. 
Intravenous  injection  is  usually  followed  by  positive  results  in  small 
animals,  but  the  larger  animals  do  not  often  succumb  to  this  mode 
of  inoculation. 

Subcutaneous  inoculation  in  animals  is  uncertain,  because  the 
perijAeral  nerves  are  not  always  injured;  but  injection  directly 
into  a  mass  of  muscle,  especially  into  parts  which  are  rich  in  nerves, 
almost  invariably  produces  the  disease. 

It  has  been  found  that  rabbits,  when  etherized  and  then  presented 
to  a  mad  dog  to  be  bitten  on  the  fur,  escape  the  disease  in  a  very 
large  proportion  of  cases,  although  the  teeth  may  have  passed  well 
through  the  skin;  if,  on  the  other  hand,  the  part  presented  to  the 
rabid  dog  be  shaved  before  it  is  bitten,  the  bitten  animals  contract 
rabies  in  a  much  larger  proportion  of  cases.  So  in  man,  in  many 
cases  the  rabic  virus  may  be  cleaned  from  the  teeth  by  the  clothing 
which  covers  the  bitten  part,  before  they  come  in  contact  with  the 
skin.  From  what  has  been  said  it  is  evident  also  that  when  the 
skin  is  thick  and  the  nerves  few  a  small  quantity  of  the  virus  may 
find  its  way  into  a  wound,  but  not  penetrate  into  tiie  nerves,  and  thus 
the  person  bitten  by  a  rabid  animal  may  escape  without  any  ill  effects 
beyond  those  due  to  a  lacerated  wound.  This  will  explain  the  fact 
that  only  about  16  per  cent  of  the  cases  bitten  by  rabid  animals  ap- 
pear to  contract  hydrophobia.  Street  virus  which  has  been  intensi- 
fied by  many  successive  inoculations  through  rabbits  finally  (after 
about  50  passages)  develops  in  them  in  about  six  days,  killing  them  on 
the  eighth  or  nintih  day.  This  "  fixed  virus,"  as  it  is  called  by  Pas- 
teur, kills  guinea-pigs  in  five  or  six  days,  and  dogs  and  cats,  as  also 
rabbits,  in  seven  or  eight  days. 

Since  the  establishment  of  the  Pasteur  treatment  for  the  disease, 
the  percentage  of  developed  cases  after  bites  is  very  much  less,  a 
fraction  of  one  per  cent 

Symptoms. — There  is  always  a  decided  incubation  period  after  the  bite 
which  varies  within  quite  wide  limits  but  in  the  great  majority  of  cases  it 
is  from  twenty  to  sixty  days.  Any  period  after  six  months  is  an  exception; 
the  shortest  we  have  on  record  is  fourteen  days  and  the  longest  authentic 
period  is  seven  months.  A  very  few  apparently  authentic  cases  have  been 
reported  as  developing  in  about  one  year  but  reports  of  any  time  beyond 
this  must  be  received  with  doubt.  Aiter  treatment,  however,  a  few  cases 
have  been  reported  as  occurring  later  than  this,  but  even  here,  the  question 
of  reinfection  is  not  absolutely  ruled  out.  We  bad  a  case  illustrating  this. 
One  of  our  patients,  a  man  who  helped  a  dog  veterinarian,  was  treated  after 
a  severe  wound  from  a  rabid  animal  and  fourteen  months  later  came  down 
with  typical  hydrophobia,  but  we  found  that  since  his  treatment  he  had  be- 
come very  careless  with  cases  of  rabies  because  he  considered  himself  inunune. 
He  was  warned  that  there  might  be  danger,  but  six  weeks  before  his  death 
be  put  a  wounded  hand  into  the  mouth  of  a  rabid  animaL    There  seems  to 


616  PATHOGENIC  MICB0-0BGANI8M8. 

bo  no  donbt  but  that  it  was  a  case  of  reinfection  after  loss  of  protection  from 
the  treatment,  rather  than  one  of  delayed  rabies. 

The  wound  heals  as  other  wounds  and  sometimes  shows  no  further  symp- 
toms. Occasionally,  however,  redness  and  swelling  of  the  scar  have  been 
reported;  oftener  there  are  pains  extending  from  the  scar  along  the  nerve 
paths  to  the  brain. 

The  symptoms  may  be  divided  into  three  stages.  First,  the  prodromal  or 
melancholic  stage,  second,  the  excited  or  convulsive  stage,  and  third,  the 
paralytic  stage. 

When  the  second  stage  is  the  most  pronounced  the  disease  is  called  furious 
or  convulsive  rabies,  when  this  stage  is  very  short  or  practically  lacking  and 
paralysis  begins  early,  the  disease  is  called  dumb  or  paralytic  rabies. 

In  the  Dog  rabies  appears  in  the  two  typical  forms,  the  furious  and  the 
paralytic.  The  principal  symptoms  of  each  form  may  be  summarized  as 
follows:  (a)  Furious  rabies:  change  of  behavior,  biting  (especially  at  those 
to  whom  they  have  been  affectionate  before),  increased  aggressiveness,  charac- 
teristic restlessness,  loss  of  appetite  for  ordinary  food,  with  desire  to  eat 
unusual  things,  intermittent  disturbance  of  consciousness,  paroxysms  of 
fury,  peculiar  howling  bark,  rapid  emaciation,  paralysis,  beginning  in  the 
hind  lunbs,  death  in  great  majority  of  cases  in  three  to  six  days  (exceptionally 
slightly  longer)  after  the  beginning  of  symptoms.  (6)  Paralytic  rabies: 
short  period  of  excitation,  paralysis  of  the  lower  jaw,  hoarse  bark,  appetite 
and  consciousness  disturbed,  weakness,  with  paralysis  spreading  in  great 
majority  of  cases  and  death  four  to  five  days  after  first  symptoms.  There 
may  be  a  number  of  cases  showing  transition  types  between  these  two  forms. 

Id,  Human  Beings.  Furious  Rabies. — The  first  definite  sign  that  there  is  a 
widespread  infection  of  the  central  system  is  difficult  and  gasping  breath,  with 
a  feeling  of  oppression  and  anxiety  in  the  region  of  the  heart.  About  the  same 
time  difficulty  in  swallowing  is  noticed.  This  is  the  most  characteristic  symptom. 
It  is  caused  by  convulsive  contraction  of  the  throat  muscles.  The  attacks 
are  brought  out  when  attempting  to  drink  or  swallow.  The  very  thought 
of  drinking  may  bring  one  on,  and  though  there  is  no  fear  of  water  itself, 
there  is  fear  of  taking  it  because  of  the  effect  it  produces.  The  convulsive 
attacks  finally  become  more  or  less  general  over  the  whole  body;  in  cer- 
tain cases  some  parts  are  more  affected  by  reflex  excitation  than  others; 
for  instance,  there  may  be  slight  or  no  photophobia,  while  in  exceptional  cases, 
more  frequently  in  dogs,  the  hydrophobia  is  also  absent. 

Most  of  the  special  reflexes  are  increased.  Pupils  become  irregularly  con- 
tracted and  widened  until  they  finally  remain  fixed. 

Human  beings  are  seldom  dangerous  to  the  people  about  them;  they  do 
not  make  aggressive  bites.  In  their  convulsions  they  may  bite  things  placed 
between  their  teeth  but  not  otherwise.  At  this  time  there  is  an  increased 
flow  of  saliva  and  one  should  avoid  the  contact  of  this  with  opened  wounds. 
It  may  be  so  increased  that  the  patient  may  try  to  get  rid  of  it  by  taking 
it  from  the  mouth  with  the  hand  and  throwing  it  about.  As  a  general 
thing,  however,  the  patient  has  full  possession  of  his  senses  between  l£e  con- 
vulsive attacks,  until  very  late  in  the  disease. 

Few  changes  have  been  noticed  in  the  urine.  The  bowels  are  generally 
constipated,  the  temperature  is  increased  from  38°  C.  to  48°  C.  at  first  with 
morning  remissions.  Just  before  death  it  may  rise  as  high  as  42.8°  C.  (In 
lower  animals  the  temperature  sinks  below  normal  just  before  death.)  The 
pulse  is  generally  over  100  and  is  irregular.  This  stage  lasts  from  one  to 
four  days.  Death  may  occur  during  a  convulsion,  but  more  often  there  is  a 
paralytic  stage  which  lasts  from  two  to  eighteen  hours.  The  convulsions 
become  less  frequent  and  the  patient  becomes  weaker  until  finally  there  is  a 
complete  paralysis.  At  the  beginning  of  this  stage  the  patient  may  be  able 
to  drink  water  better  than  formerly.  Death  may  occur  at  any  time  through 
paralysis  of  the  heart  or  respiratory  center. 

Paralytic  Rabies. — This  form  occurs  quite  seldom  in  human  beings,  more  fre- 
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qnently  in  dogs,  but  not  so  often  as  a  convnlsive  form.  It  is  supposed  to  occur 
in  humans  and  dogs  after  a  more  severe  infection.  Instead  of  periods  of 
convulsions,  the  various  muscles  simply  tremble  and  become  gradually  weaker 
until  complete  general  paralysis  supervenes.  Sometimes  paralysis  develops 
very  quickly  and  may  be  general  before  death  from  syncope  or  asphyxia 
occurs.  Tins  form  generally  lasts  longer  than  ordinary  rabies.  Between 
these  two  typical  forms  of  rabies  there  are  many  different  types,  giving 
quite  different  pictures  of  the  disease. 

In  certain  cases  which  have  been  badly  bitten,  treatment  with  protective 
inoculations  may  not  save  the  patient,  but  may  cause  the  disease  to  mani- 
fest itself  quite  late  and  then  the  symptoms  may  be  milder  than  in  untreated 
cases,  though  death  finally  results. 

Length  of  the  Disease. — The  majority  of  the  cases  of  furious  rabies  die 
on  the  third  or  fourth  days  after  the  symptoms  show  themselves.  The  limits 
of  the  reported  cases  are  one  to  fifteen  days,  though  there  are  reports  of  only 
1  or  2  cases  dying  on  any  day  over  the  ninth  to  the  fifteenth.  As  the  time 
when  the  symptoms  really  begin  is  difficult  to  notice,  these  statistics  are  only 
approximately  correct.  In  paralytic  rabies  the  average  time  of  death  is 
five  days. 

Preyentive  Inoculation  against  Babies. — The  old  treatment  of 
rabies  consisted  simply  in  encouraging  bleeding  from  the  woimd,  or 
in  first  excising  the  woimd  and  then  encouraging  bleeding  by  means 
of  ligatures,  V7arm  bathing,  cupping-glasses,  etc.;  the  raw  surface 
was  then  freely  cauterized  with  caustic  potash,  nitric  acid,  or  the 
actual  cautery.  It  is  doubtful  whether  the  disease  ever  manifests 
itself  after  such  heroic  treatment  if  the  wound  be  small ;  but  when 
the  wounds  were  numerous  or  extensive  the  mortality  from  it  was 
still  high.  As  it  was  often  impossible  to  apply  cauterization  to  the 
wound  rapidly  or  deeply  enough  to  ensure  complete  destruction  of 
the  virus,  Pasteur  and  others  were  led  to  study  the  disease  experi- 
mentally in  animals,  with  the  hope  of  finding  some  means  of  im- 
mimization  or  even  cure  through  bacteriologic  technique;  these  in- 
vestigations finally  resulted  in  the  discovery  of  methods  of  preventive 
inoculation  applicable  to  man. 

Inmiunization  against  rabies  may  be  effected  in  several  different 
ways.  Pasteur's  treatment  is  based  upon  the  fact  that  rabic  virus 
may  be  attenuated  or  intensified  under  certain  conditions.  He  first 
observed  that  the  tissues  and  fluids  taken  from  rabid  animals  varied 
considerably  in  their  virulence.  Then  he  showed  that  the  virus  may 
be  intensified  by  successive  passage  through  certain  animals  (rab- 
bits, guinea-pigs,  cats)  and  weakened  in  passing  through  others 
(monkeys).  If  successive  inoculations  be  made  into  rabbits  with 
virus,  either  from  the  dog  or  the  monkey,  the  virulence  may  be  so 
exalted  beyond  that  of  the  virus  taken  from  a  street  dog,  in  which 
the  incubation  period  is  from  twelve  to  fourteen  days,  that  at  the 
end  of  the  fifteenth  passage  the  incubation  period  may  be  reduced 
to  about  six  or  seven  days.  This,  the  strongest  virus  obtainable, 
was  called  by  Pasteur  the  "  fixed  virus."  Rabic  virus  appears  also 
to  become  attenuated  under  certain  conditions  of  temperature;  in- 
deed, if  it  be  subjected  for  about  an  hour  to  50°  C,  or  for 
half  an  hour  to  60°  C,  its  activity  is  completely  destroyed.      A 
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5  per  cent  solution  of  carbolic  acid,  acting  for  the  same  period, 
exerts  a  similar  effect,  as  do  likewise  1 :  1000  solutions  of  bichloride 
of  mercury,  acetic  acid  or  potassium  permanganate.  The  virus  also 
rapidly  loses  its  strength  by  exposure  to  air,  especially  in  sunlight; 
when,  however,  protected  from  heat,  light,  and  air  it  retains  its 
virulence  for  a  long  period. 

Pasteur  Treatment. — ^A  series  of  cords  cut  into  short  segments, 
were  suspended  in  sterile  glass  flasks  plugged  with  cotton  stoppers, 
and  containing  a  quantity  of  some  hygroscopic  material,  such  as 
caustic  potash;  and  the  whole  was  kept  at  a  temperature  of  about 
22°  C.  The  cord  when  taken  out  at  the  end  of  the  first  twenty- 
four  hours  was  found  to  be  almost  as  active  as  the  fresh  untreated 
cord ;  that  removed  at  the  end  of  forty-eight  hours  was  slightly  less 
active  than  that  removed  twenty-four  hours  previously;  and  the. 
diminution  in  virulence,  thou^  gradual,  progressed  regularly  and 
surely  until,  as  already  noted,  at  the  end  of  the  fourteenth  or  fifteenth 
day  ike  virus  was  inactive.  An  emulsion  of  the  cord  of  the  last  day 
was  made,  and  a  certain  quantity  injected  into  a  dog  that  had  he&a 
bitten;  this  was  followed  by  an  injection  of  an  emission  of  a  thir- 
teenth-day cord,  and  so  on  until  the  animal  had  been  injected  with 
a  perfectly  fresh  and,  therefore,  extremely  active  cord,  corresponding 
to  the  fixed  virus.  Animals  treated  in  this  way  were  now  found  to 
be  absolutely  protected,  even  against  subdural  inoculation  with  con- 
siderable quantities  of  the  most  virulent  virus;  and  thus  Pasteur's 
protective  inoculation  against  rabies  became  an  accomplished  fact. 
As  it  would  be  undesirable  to  inject  any  but  persons  who  had 
actually  been  bitten  by  a  rabid,  or  presumably  rabid,  animal,  Pasteur 
continued  his  experiments,  in  order  to  see  whether  it  would  not  be 
possible  to  cure  a  patient  already  bitten.  He  carried  on,  therefore, 
a  series  of  experiments  which  led  to  the  discovery  that  if  the  process 
of  inoculation  be  begun  within  five  days  of  the  bite  in  animals  in 
which  the  incubation  period  was  at  least  fourteen  days,  almost  every 
animal  bitten  can  be  saved ;  and  that  even  if  the  treatment  be  com- 
menced at  a  longer  interval  after  the  bite  a  certain  proportion  of 
recoveries  can  be  obtained.  Thus  the  application  of  this  method  of 
treatment  to  the  human  subject  was  not  tried  until  it  had  been 
proved  in  animals  that  such  protection  could  be  obtained,  and  that 
such  protection  would  last  for  at  least  one  year  and  probably  longer. 

The  chance  of  success  in  the  human  subject  appears  to  be  even 
greater  than  in  the  dog  or  rabbit,  seeing  that,  on  account  of  the  resist- 
ance offered  by  the  human  tissues  to  titie  virus,  the  period  of  incuba- 
tion is  comparatively  prolonged.  Thus  there  is  an  opportunity  of 
obtaining  immunity  by  beginning  the  process  of  vaccination  soon  after 
the  bite  has  been  inflicted,  the  protection  being  complete  before  the 
incubation  period  has  passed.  In  his  earlier  experiments  Pasteur  in- 
jected on  each  succeeding  day  emulsions  from  a  cord  dried  for  one 
day  less  until  cords  dried  flve  days  were  reached ;  but  later  he  used 
those  dried  for  only  three  days.     This  was  the" simple"  ten-day 
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method.  It  was  soon  evident  that  althougli  this  method  was  effica- 
cious where  the  woimds  were  not  severe,  and  were  confined  to  parts 
in  which  the  nerve  supply  was  not  extensively  interfered  with,  it. was 
often  quite  inadequate  in  serious  cases,  as  of  wounds  about  the  face, 
or  (X  wounds  inflicted  by  a  mad  wolf,  the  virus  of  which  is  more  ac- 
tive and  the  lesions  made  more  severe  than  that  of  the  rabid  dog  of 
the  streets.  In  these  latter  cases  the  injections  which,  in  the  simple 
treatment,  are  spread  over  five  days  are  made  in  three  days;  then, 
on  the  fourteenth  day,  a  fresh  series  of  injections,  or  rather,  repe- 
titions, is  begun,  which  lasts  until  the  twenty-first  day.  This  is  the 
"  intensive  method." 

In  certain  severe  cases  Poor  in  our  laboratory  treats  even  longer 
than  this — ^up  to  twenty-eight  and  even  thirty  days.  In  the  tech- 
nique of  the  treatment^  which  is  the  same  in  both  methods,  a  small 
portion  (about  1  cm.)  of  the  desiccated  cord  is  rubbed  up  thoroughly 
with  about  four  or  five  times  its  bulk  of  bouillon  until  a  complete 
emulsion  is  made;  this  is  then  injected  by  means  of  a  syringe  hold- 
ing several  cubic  centimetres,  first  on  one  side  of  the  hypochondriac 
region  and  then,  the  following  day,  on  the  other,  and  so  on  alter- 
nately, to  avoid  irritation.  With  tiie  observance  of  thorough  asepsis 
no  local  reaction  to  speak  of  takes  place,  nor  are  abscesses  ever 
formed. 

The  results  of  Pasteur's  method  of  protective  inoculation,  as 
recorded  in  the  reports  issued  in  the  Annales  de  VInstitut  Pas- 
teur and  those  of  other  antirabic  institutes  in  Italy,  Russia,  Rou- 
mania,  etc,  are  very  favorable.  Since  1886,  when  the  treatment 
was  first  commenced  at  the  Pasteur  Institute  in  Paris,  upwards  of 
20,000  persons  bitten  by  rabid,  or  presumably  rabid,  animals  have 
received  preventive  inoculations,  witii  a  mortality  of  only  0.5  of  1 
per  cent  The  mortality  of  those  bitten  on  the  face  or  head  was 
1.25  per  cent ;  of  those  bitten  on  the  hand,  it  was  0.75  of  1  per  cent ; 
of  those  bitten  on  other  parts  of  the  body,  a  little  over  0.25  of  1  per 
cent  As  a  rule,  only  those  persons  are  treated  who  have  been  bitten 
on  the  face  or  hand  or  whose  clothes  have  been  lacerated  so  that 
the  virus  has  passed  into  the  wounds.  Taking  only  the  cases  in 
which  rabies  has  been  confirmed  in  the  animal  by  a  veterinary 
surgeon,  the  mortality  of  the  cases  treated  at  the  Pasteur  Institute 
in  Paris  is  only  0.6  per  cent — a  proof,  it  would  seem,  of  the 
trustworthiness  of  the  statistics.  In  view  of  this  fact  there  can  no 
longer  be  any  doubt  of  the  value  of  Pasteur's  antirabic  treatment 
It  has  been  stated  by  some  that  the  percentage  of  persons  kiUed  by 
the  bites  of  rabid  animals  is  inconsiderable;  but  according  to  the 
reliable  statistics  of  Leblanc,  from  1878  to  1883,  out  of  515  persons 
bitten  in  Paris,  83  died  of  hydrophobia,  a  mortality  of  16  per  cent ; 
some  authorities  place  the  mortality  at  a  much  higher  figure.  Ex- 
tensive bites  on  the  face  and  head  are  considered  to  be  particularly 
dangerous ;  the  mortality  of  these  is  said  to  be  at  least  80  per  cent 
The  bites  of  wolves  seem  to  be  more  fatal  than  the  bites  of  dogs  or 
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other  animals;  the  mortality  of  these,  in  spite  of  the  most  intensive 
treatment,  is  stated  to  be  still  10  per  cent,  as  against  a  previous  mor- 
tality, without  specific  treatment,  of  40  to  60  per  cent  But  even 
Pasteur's  antirabic  treatment  appears  to  be  unavailing  when  symp- 
toms of  the  disease  have  manifested  themselves. 

On  the  whole,  the  results  we  have  obtained  in  the  New  York  De- 
partment of  Health  from  cases  treated  by  this  method  have  been 
very  encouraging. 

Other  methods  of  immunization  against  rabies  have  been  proposed 
by  diflFerent  investigators.  But  almost  all  of  these  methods  have 
proved  on  trial  to  be  imsatisfactory  and  imreliable,  besides  being 
not  devoid  of  danger.  As  early  as  1889,  Babes  and  Lepp  conceived 
the  idea  that  it  might  be  possible  by  means  of  the  blood  to  transmit 
conferred  immunity  against  rabies  from  one  animal  to  another;  but 
although  the  success  of  these  investigators  was  not  great,  Tizzoni 
and  Schwartz,  and  later  Tizzoni  and  Centanni,  worked  out  a  method 
of  serum  inoculation  and  protection  in  rabies  whidi  is  worthy  of  at- 
tention. In  this  method  not  the  rabic  poison  itself  but  the  protect- 
ive material  formed  is  injected  into  the  tissues.  These  observers 
showed  that  the  serum  of  inoculated  animals  is  capable  of  destroy- 
ing the  pathogenic  power  of  the  rabic  virus — ^not  only  when  mixed 
with  it  before  injection,  but  when  injected  simultaneously  or  within 
twenly-four  hours  after  the  introduction  of  the  virus  into  the  body. 

Marie,  Poor,  and  others,  have  corroborated  these  results.  The 
latter  in  our  laboratory  has  gotten  strong  virus-destroying  serums 
from  hyperimmunized  sheep  and  horses.  Babes,  Marie  and  others 
now  recommend  a  combination  treatment  by  the  Pasteur  method  and 
the  serum  of  an  immunized  animal.  Poor  has  tried  this  on  some  of 
the  lower  animals  and,  though  his  results  have  been  encouraging, 
they  have  not  been  satisfactory  enough  to  warrant  the  treatment  of 
human  beings  by  this  method. 

The  Oauterization  of  Infected  Wounds. — Cabot  carried  out  an 
extensive  series  of  experiments  in  our  laboratory  upon  guinea-pigs 
which  showed:  (1)  That  91  per  cent  of  guinea-pigs  can  be  pre- 
vented from  developing  rabies  if  the  wounds  be  cauterized  with 
chemically  pure  nitric  acid  at  the  end  of  twenty-four  hours  from 
the  time  of  infection,  probably  a  larger  percentage  if  the  cautery 
be  used  earlier.  (2)  Tliat  fuming  nitric  acid  is  more  effectual  than 
the  actual  cautery  or  pure  nitrate  of  silver.  (3)  That  some  degree 
of  benefit  is  derived  from  thoroughly  opening  and  swabbing  out  an 
infected  wound  within  twenty-four  hours  from  the  time  of  infection 
when  no  cautery  is  used.  We  believe  that  he  demonstrated  that  in 
cases  in  which  ihe  Pasteur  treatment  cannot  be  applied  great  benefit 
may  be  derived  from  the  correct  use  of  cauterization,  even  twenty- 
four  hours  after  infection,  and  that  even  in  cases  in  whidi  the  Pas- 
teur treatment  can  be  given,  an  early  cauterization  will  be  of  great 
assistance  as  a  routine  practice,  and  should  be  very  valuable,  as  the 
Pasteur  treatment  is  frequently  delayed  several  days,  for  obvious 
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reasons^  and  does  not  always  protect  In  the  case  of  small  wounds 
all  the  treatment  probably  indicated  will  be  thorough  cauterization 
with  nitric  acid  withn  twelve  hours  from  the  time  of  infection.  Our 
experience  in  dealing  with  those  bitten  by  rabid  animals  goes  to 
show  that  physicians  do  not  appreciate  the  value  of  thorough  cauteri- 
zation of  the  infected  wounds. 

Pasteur  Treatment  by  Hail. — ^For  several  years  we  have  made  a 
practice  of  sending  the  treatment  by  mail  when  the  patients  oould 
not  go  for  treatment     The  results  have  been  good. 

But  far  more  important  than  any  treatment,  curative  or  pre- 
ventive, for  hydrophobia  in  man  is  the  prevention  of  rabies  in  dogs, 
through  whidi  this  disease  is  usually  conveyed.  Were  all  dogs  imder 
legislative  control  and  the  compulsory  wearing  of  muzzles  rigidly 
enforced  where  rabies  prevails,  hydrophobia  would  soon  become  an 
almost  unknown  disease.  This  fact  has  been  amply  demonstrated 
by  the  statistics  of  rabies  in  coimtries  where  such  laws  are  now  in 
force. 
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YELLOW  FEVER. 

Yellow  fever  is  an  acute  infectious  disease  with  no  characteristic 
lesions  except  jaimdice  and  hemorrhage.  Other  lesions  that  exist 
are  those  common  to  toxemia. 

Historical  Note. — There  have  been  many  extensive  studies  on  the  etiology 
of  this  disease  with  numerous  announcements  of  the  discovery  of  its  specific 
cause.  Not  one  of  the  latter,  however,  has  been  corroborated.  The  Bacillus 
icteroides  of  SanareUi  was  thought  by  many  to  be  the  real  organism  and 
for  some  time  it  was  the  subject  of  most  minute  studies  with  the  result  that 
it  too  has  been  placed  with  the  rejected  organisms. 

The  epoch-making  investigations  of  the  United  States  Army  Commission 
composed  of  Walter  Reed,  James  Carroll,  Aristides  Agraraonte  and  Jesse 
W.  Lazear,  make  it  certain,  among  other  observations,  that  this  disease,  like 
malaria,  is  carried  from  one  infected  person  to  another  through  the  agency 
of  a  mosquito. 

Finley  in  1881  was  the  first  positively  to  assert  that  the  mosquito  was  the 
transmitter  of  the  disease.  He  was,  however,  unable  to  prove  his  theory  and 
it  remained  for  the  commission  conclusively  to  show  that  a  distinct  species 
of  mosquito  carried  the  infection. 

The  principal  facts  established  by  the  conmaission  have  been 
summed  up  by  Gbldberger  as  follows: 

1»  Yellow  fever  is  transmitted,  under  natural  conditions,  only  by 
the  bite  of  a  mosquito  (Stegomyia  calopus)  that  at  least  twelve  days 
before  had  fed  on  the  blood  of  a  person  sick  with  this  disease  during 
the  first  three  days  of  his  illness. 

2.  Yellow  fever  can  be  produced  under  artificial  conditions  by  the 
subcutaneous  injection  of  blood  taken  from  the  general  circulation 
of  a  person  sick  with  this  disease  during  the  first  three  days  of  his 
illnes& 
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3.  Yellow  fever  is  not  conveyed  by  fomitus. 

4.  Bacillus  icteroides  (Sanarelli)  stands  in  no  causative  relation 
to  yellow  fever. 

Though  the  specific  parasite  remains  yet  undiscovered,  facts  have 
been  brought  out  by  these  studies  whidi  give  some  idea  of  its  char- 
acter. 

1.  It  seems  to  require  two  hosts  (a  mammal  and  an  arthropod) 
for  the  completion  of  its  life  cycle  (analogies,  Plasmodium  malarioB, 
Piropla&na  higemvwam).  (The  recent  discovery  of  Stimaon  of  a 
spirochete-like  organism  in  the  tubules  of  a  yellow  fever  kidney  is 
suggestive  in  this  connection.) 

2.  There  is  a  definite  time  between  the  bite  of  the  mosquito  and 
the  infectivity  of  the  blood  (average,  five  days),  and  a  definite  time 
that  the  blood  remains  infective  (three  days). 

3.  The  blood  during  these  three  days  is  still  infective  after  pass- 
ing through  the  finest  grained  porcelain  filters  (Chamberlain  B. 
and  F.). 

4.  The  blood  loses  its  virulence  quickly  (forty-eight  hours)  when 
exposed  to  the  air  at  temperature  of  24*^  to  30°  0.  When  protected 
from  the  air  by  oil  and  kept  at  the  same  temperature  it  remained 
virulent  longer  (five  to  eight  days).  Heated  for  five  minutes  at 
55*^  C.  it  becomes  non-virulent 

5.  The  bite  of  an  infected  mosquito  does  not  become  infectious 
imtil  twelve  days  (at  a  temperature  of  31°  C.)  after  it  has  bitten 
the  first  patient 

The  Yellow  Fever  Mosquito. — The  name  -  Stegomyia  was  sug- 
gested by  the  English  entomologist  Theobald,  who  separated  this 
genus  from  the  genus  Cvlex,  with  which  it  was  formerlv  classed. 
It  was  first  given  the  specific  name  fasciata,  but  Blanchard 
proved  that  this  had  already  been  used  and  the  name  cdloptis 
(Meigen  1818)  was  found  to  be  the  proper  one^  The  salient  char- 
acteristics of  Stegomyia  are:  (1)  The  palpi  in  the  male  are  as  long, 
or  nearly  as  long,  as  the  proboscis ;  in  the  female  the  palpi  are  uni- 
formly less  than  one-half  as  long;  (2)  the  legs  are  destitute  of  erect 
scales;  (3)  the  thorax  is  marked  with  lines  of  silvery  scales.  Steg- 
omyia, or  at  least  Stegomyia  calojms,  is  spread  over  a  wide  range  of 
territory,  embracing  many  varieties  of  climate  and  natural  condi- 
tions. It  has  been  found  as  far  north  as  Charleston,  S.  C,  and  as 
far  south  as  Rio  de  la  Plata.  There  is  no  reason  to  believe  that  it 
may  not  be  present  at  some  time  or  other  in  any  of  the  intermediate 
countries.  In  the  United  States  specimens  of  Stegomyia  calojms 
have  been  captured  in  Gleorgia,  Louisiana,  South  Carolina,  and 
eastern  Texas.  The  island  of  Cuba  is  overrun  with  this  insect 
The  fact  that  Stegomyia  calopus  has  been  known  to  exist  at  various 
times  in  Spain  and  other  European  countries  may  account  for  the 
spread  of  yellow  fever  which  has  occurred  there  once  or  twice  in 
former  times;  the  same  may  be  said  of  the  coimtry  farther  north 
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in  the  United  States,  where  Stegomyia  calopvs  has  not  yet  been  re- 
ported, but  which  have  suffered  from  invasions  of  yellow  fever. 

Brackish  water  is  unsuited  for  the  development  of  Stegomyia 
larvfiB.  The  species  Stegomyia  calopus  seems  to  select  any  deposit 
of  water  which  is  comparatively  clean.  The  defective  drains  along 
the  eaves  of  tile  roofs  are  a  favorite  breeding  place  in  Havana  and  its 
suburbs ;  indoors  they  find  an  excellent  medium  in  the  water  of  cups 
of  tin  or  china  into  which  the  legs  of  tables  are  usually  thrust  to 
protect  the  contents  from  the  invasion  of  ants,  a  veritable  pest  in 
tropical  countries.  The  same  may  be  said  of  shallow  traps,  where 
the  water  is  not  frequently  disturbed. 

Pio.  176 


Adult  female  Stegomyia  fasciaia. 

Like  other  Ctdicidce,  it  prefers  to  lay  at  night.  It  is  eminently  a 
town  insect,  seldom  breeding  far  outside  of  the  city  limits.  Agra- 
monte  never  found  Stegomyia  calopvs  resting  under  bushes,  in  open 
fields,  or  in  the  woods;  this  fact  explains  the  well-founded  opinion 
that  yellow  fever  is  a  domiciliary  infection. 

The  question  of  hibernation  in  the  larval  stage  is  important 
Agramonte  failed  to  get  larvse  that  could  resist  freezing  temperature, 
and  found  that  in  the  case  of  Stegomyia  calojnis  this  degree  of  cold 
was  invariably  fatal. 

The  possibility  of  their  being  capable  of  life  outside  their  natural 
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element  must  also  be  considered  from  an  epidemiological  point  of 
view.  The  dry  season  in  the  countries  where  this  species  seems  to 
abound  is  never  so  prolonged  as  completely  to  dry  up  the  usual 
breeding  places.  Experimentally,  adult  larvae  removed  from  the 
water  and  placed  over-ni^t  upon  moist  filter  paper  could  not  be 
revived  the  following  morning. 

The  question  of  the  life  period  of  the  female  insect  is  of  the  great- 
est importance  when  we  oome  to  consider  the  apparently  long  inter- 
val which  at  times  has  occurred  between  the  stamping  out  of  an  epi- 
demic of  yellow  fever  and  its  new  outbreak  without  introduction  of 
new  cases.  The  fact  is  that  Stegomyia  ccUapus  is  a  long-lived  in- 
sect; one  individual  was  kept  by  Agramonte  in  a  jar  through  Mardi 
and  April  into  May,  in  all  for  seventy-six  days  after  hatchmg  in  the 
laboratory. 

These  mosquitoes  bite  principally  in  the  late  afternoon,  though 
they  may  be  incited  to  take  blood  at  any  hour  of  the  day.  They  are 
abundant  from  March  to  September,  and  even  in  November  Agra- 
monte was  able  to  capture  them  at  will  in  his  office  and  laboratory. 

The  mosquito  is  generally  believed  to  be  incapable  of  long  flights 
unless  very  materially  assisted  by  the  wind.  At  any  rate,  tibie  close 
study  of  tiie  spread  of  infection  of  yellow  fever  shows  that  tiie  ten- 
dency is  for  it  to  remain  restricted  within  very  limited  areas,  and 
that  whenever  it  has  travelled  far  beyond  this,  the  means  afforded 
(railway  cars,  vessels,  etc)  have  been  other  than  the  natural  flight 
of  the  insect. 

Experiments  have  demonstrated  that  not  all  mosquitoes  which 
bite  a  yellow-fever  patient  become  infected,  but  that  of  several  which 
bite  at  the  same  time  some  may  fail  either  to  get  the  parasite  or  to 
allow  its  later  development  in  tiieir  body.  This  condition  is  similar 
to  that  seen  in  Anopheles,  with  regard  to  malaria. 

How  long  do  infected  mosquitoes  remain  dangerous  to  the  non- 
immune community?  This  question  cannot  be  definitely  answered 
at  present ;  there  is  good  presumptive  evidence  that  the  mosquito  may 
harbor  the  parasite  through  the  winter  and  be  enabled  to  transmit 
in  the  spring  an  infection  acquired  in  the  fall.  There  is  reason  to 
believe  that  the  mosquito,  once  infected,  can  transmit  the  disease  at 
any  time  during  the  balance  of  its  Ife.  Freezing  temperature,  how* 
ever,  quickly  kills  the  insect. 

Seed  and  Carroll,    Jownx,  Exp.  Med.,  1900,  V,  215. 

Beed  and  Carroll  and  Agramonte.    Joum.  Am.  Med.  Assoc.,  1901,  XXXVT,  413. 
The  latest  Yellow  Fever  Institute  Bulletin  (Bulletin  No.  16,  Yellow  Fever,  EtioL, 
Synip.  and  Diagnosis)  by  Goldberger  gives  a  good  r6sum6  with  full  literature. 
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Aggressin  (L.  aggressus,  attacked),  name  given  by  Bail  (1905)  to  a 
hypothetic  substance  in  exudates  which  are  produced  by  living  organisms 
inoculated  into  animals.  The  substance  is  supposed  to  be  an  endotoxin, 
liberated  from  the  bacteria  through  bacteriolysis.  It  is  supposed  to  act  by 
paralyzing  the  polynuclear  leucocytes,  thus  preventing  phagocytosis.  It 
thereby  allows  the  bacteria  to  become  more  aggressive,  hence  the  name. 

Alexin  (cUcfciv,  keep  off,  defend),  name  given  by  Buchner  (1889)  to 
what  he  believed  to  be  the  single  protective  substance  in  normal  blood.  The 
term  was  retained  by  Bordet  to  designate  that  constituent  of  normal  and 
immune  serums  which  does  not  withstand  heating  to  56**  C.  and  which  is  one 
of  the  ffictors  in  lytic  processes.     Synonym,  complement. 

Amboceptor  (L.  ambo  from  ofKfua,  both,  +  capare,  take),  name  applied 
by  Ehrlich  to  that  substance  of  the  blood  which  withstands  heating  to  55®C. 
and  which  attaches  itself  both  to  the  foreign  cell  and  to  the  complement  in 
order  to  produce  lysis.  It  is  increased  during  immunization.  Synonyms, 
immune  body,  sensitizing  substance  (substance  sensibilizatrice  of  Bordet), 
copula,  desmon,  preparator,  interbody. 

Amitosis  (a,  negative  prefix,  +  furoi^  a  thread,  +  osis),  direct  nuclear 
division  without  the  formation  of  the  thread-like  chromosomes,  asters  and 
spindle. 

Aliaphylactin  (dm,  upon,  back  again,  4.  <f>vXMraav,  watch,  guard),  term 
used  by  Gay  and  Southard  (1907)  to  designate  a  hypothetic  substance  con- 
tained in  horse  serum  and  certain  other  organic  substances,  which  is  an  irri- 
tant to  animal  cells,  causing  them  to  become  sensitive  to  the  poisonous  ele- 
ment in  the  organic  substance. 

Anaphylaxis,  the  term  adopted  by  Gay  and  Southard  for  the  phenomenon 
of  ''Sensitization  to  serum  or  other  organic  substances  by  anaphylactin, " 
c»  g-  >  guinea  pigs  inoculated  with  horse  serum  become,  after  a  period,  poisoned 
by  a  second  inoculation  which  would  otherwise  produce  no  injury.  (Syn- 
onym: serum  sickness.) 

Anisogamy  (&yuroi,  unequal,  +  yafM)^?  marriage),  fertilization  by  the 
union  of  two  unequal  cells. 

Antagonism  (Sarrayawurfm,  struggling  against),  the  opposition  one  or- 
ganism exerts  upon  another  either  within  or  without  the  body. 

Antigen  (^m-i,  against,  -{-  70^09,  race,  stock),  name  given  to  those  sub- 
stances which  are  capable  of  producing  antibodies.     Synonym :  haptin. 

AntOgamy  (ovros,  self,  +  yofw^,  marriage),  self-fertilization.  Fertiliz 
ation  by  the  union  of  nuclei  within  the  parent  cell. 

Bacteriolytic  (/Sa/cn^piov,  a  little  stick,  4.  kwTi^y  a  loosening),  term  de- 
scribing the  solvent  power  of  blood  serum  for  bacteria. 

Blepharoplast  (jSXc^opoK,  eyelid,  4.  TtXaaauv,  mold,  form),  a  secondary 
nucleus  in  certain  protozoa,  forming  motor  apparatus,  or  acting  as  a  kinetic 
center. 
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Oentrosome  (ica^poF,  center,  4-  (mfm^  body),  a  small  cell-organ  which  is 
regarded  as  the  active  center  of  cell-division. 

Oomplement  (L.  complementum,  that  which  fills  up  completely),  that 
constituent  of  normal  and  immune  serums  which  is  destroyed  by  heating  to 
55**  C.  and  which  unites  with  the  immune  body  (amboceptor)  to  produce  lysb. 

Ohitin  ix^TiLvf  a  tunic),  the  name  given  by  Odier  to  the  horny  organic 
substance  which  forms  the  integuments  of  insects  and  some  other  animals. 
Composition  C„H,^,0,^. 

Ohlorophyl  (xA-cD^xfe,  yellowish-green,  +  <f>vXXo¥y  a  leaf),  the  yellow- 
green  pigments  common  to  most  plants  ;  also  found  in  a  few  protozoa. 

Ohromatin  (xp^/^>  color),  the  deeply  staining  substances  of  the  nucleus, 
consisting  of  nuclein  or  nucleic  add. 

Ohromatophores  (xp^/^»  color,  +  ^6poi,  bearing),  a  general  term 
applied  to  the  colored  bodies  (plastids)  found  in  plant  and  animal  cells. 

Ohromidinxil  (xpS^iuk,  color,  ^-t&ov,  dim.),  a  name  given  by  Hertwig 
(1902)  to  the  chromatin  particles  which  pass  from  the  nucleus  to  the  cyto- 
plasm and  there  perform  nuclear  functions. 

Ohromosomes  (xf^fui,  color,  +  (rwita^  a  body),  the  deeply  staining  bodies 
which  are  formed  from  the  chromatic  nuclear  network  during  cell  division. 

Oommensal  (L.  com,  together  4-  mensa,  a  table),  living  in  harmless 
union.     One  organism  living  on  or  in  another  without  harming  either. 

Oopnla  (L.  copula,  a  bond,  link),  a  fertilized  protozoan  cell. 

Cytolytic  (kvtos,  a  hollow  (a  cell),  +  Xvcris,  a  loosening),  term  describ- 
ing the  solvent  action  of  the  blood  serum  on  any  cell. 

Ojrtoplasni  («cvro9,  a  hollow  (a  cell),  +  vXaafua^  anything  formed),  that 
part  of  tne  cell  protoplasm  which  is  outside  of  the  nucleus. 

Ectoplasm  (^ro9,  without,  +  TrXaa/Ao,  anything  formed),  the  exterior 
denser  cytoplasm  of  a  cell. 

Entoplasm  (cvros,  within  -|-  plasm),  the  inner,  more  fluid  portion  of 
the  cytoplasm. 

Oamete  (yafieriy,  a  wife  ;  yofurtf^,  a  husband),  one  of  two  conjugating 
cells,  destined  to  die  unless  it  unites  in  fertilization  with  another  cell. 

OainetOCyt6,the  sexual  cell  which  resolves  itself  into  the  individual  gamete. 

OenUB  (L.  genus,  birth,  origin,  race),  in  biology,  a  classificatory  group 
ranking  next  above  species. 

Haptin  (a[irro»,  to  bind,  +  in),  synonym  of  antigen. 

Haptophore  (^7rra>,  to  bind,  +  <f>op(ys,  bearing),  term  applied  to  the  group 
of  atoms  which  effects  the  specific  binding  to  a  corresponding  group  of  atoms 
in  certain  foreign  cells. 

Holozoic  Nutrition  (^Aos,  whole,  +  Iwko^,  animal),  entirely  animal- 
like nutrition. 

Hypnocyst  (wrvo?,  sleep,  +  icvoTis,  cyst),  a  sleeping  or  quiescent  cyst. 

Immune  body  (L.  immunis,  exempt  from  public  service,  free),  synonym 
of  amboceptor. 

Isogamy  (t<ros,  equal,  +  ydfjxK,  marriage),  the  conjugation  of  two  gam- 
etes of  similar  form. 

Karyokinesis  (Kopvov,  a  nut  (nucleus)  +  KivrfaK,  movement,  change), 
the  series  of  active  changes  which  takes  place  in  the  nucleus  of  a  living  cell 
in  the  process  of  division.    Synonym:  mitosis. 
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Ljrsis  (Xvcris,  a  loosening),  the  general  solvent  power  of  the  blood  for 
foreign  substances. 

Macrogamete  (fuucpo^,  large,  +  ya/A^ny,  a  wife),  female  mating  cell. 

Mataration  (L.  maturare,  to  ripen),  term  used  to  designate  the  series  of 
complicated  processes  which  occur  during  the  ripening  of  a  germ  cell. 

Merzoites  (/tA^pos,  a  part,  +  {akw,  animal,  +  tny?,  like),  a  reproductive 
germ  produced  by  a  protozoon  without  fertilization. 

Metazoa  (/lAcra,  after,  4.  (wov,  an  animal),  animals  ranked  above  the 
protozoa,  each  consisting  of  many  cells. 

Blicroganiete  (fuxpo9,  small,  4.  yafurq^y  husband),  male  mating  cell. 

BUtosis  (fUTo^y  thread,  4-  osis),  synonym  of  karyokinesis,  so-called 
because  of  the  thread-like  changes  in  the  nuclear  chromatin  during  division. 

Oocyst  (wov,  an  egg,  +  icwrt?,  a  cyst),  fertilized  cyst  containing  spores. 

Opsonins  (o^ov,  anything  giving  a  zest  to  food  ;  a  relish),  substances  in 
blood  serum  which  combine  with  the  bacteria  and  thus  prepare  them  for 
being  taken  up  more  easily  by  the  phagocytic  cells. 

Parasite  (wupa,  beside,  +<rtTos,  food,  live  at  another's  table),  an  organ- 
ism which  lives  on  or  in,  and  at  the  expense  of  another  organism  called 
technically  the  host. 

Periplastic  (n-cpi,  around,  4.  ttAootos,  mold,  form,  -{-  ic),  applied  to 
flagella  or  cilia  formed  from  the  cell  substance  about  the  nucleus. 

Peritrichal  (n-cpt,  around,  4-  Opii,  a  hair),  applied  to  flagella  or  cilia 
springing  from  the  cell  membrane. 

Precipitin  (L.  prae,  before,  4-  caput,  the  head,  literally,  falling  head- 
long), any  substance  developing  in  the  serum  as  a  result  of  the  inoculation 
of  the  animal  with  a  foreign  substance  and  which  precipitates  that  foreign 
substance. 

Protista  (irpa»TtoTa,  the  very  first,  superlative  of  ir/»«Tos,  first),  name  pro- 
posed by  Haeckel  (1868)  for  a  third  kingdom,  including  the  lowest  forms 
of  both  animal  and  plants. 

Protozoa  (7rpa>ro9,  first,  4-  {o>ov,  animal),  first-formed  animals  ;  the  name 
given  to  the  simplest  animal  forms,  those  consisting  of  a  single  cell. 

Receptors  (L.  re,  back,  4-  capare,  take),  atom  groups  in  cells  which 
Ehrlich  conceives  to  have  affinities  for  toxins  and  similar  substances. 

Reduction  Division,  a  complicated  process  in  maturation  whereby  the 
nuclear  chromatin  is  reduced  in  amount  preparatory  to  the  formation  of  the 
gametes. 

Saprophyte  (crairpos,  rotten,  4.  <f>vT6v,  a  plant),  an  organism  that  grows 
on  decaying  vegetable  matter. 

Schizogony  (crxi^ctv,  cleave,  split,  4-  yovia,  generation),  the  multiple 
asexual  reproduction  of  protozoa. 

Schizont  (o-xti^tv,  cleave,  split,  4-  out),  the  mother  cell  which  gives  rise 
to  the  merozoites. 

Somatic  (o-tD/iaraco?,  pertaining  to  the  body),  pertaining  to  vegetative 
growth. 

Species  (L.  species,  kind,  a  particular  sort,  etc.),  a  group  of  similar  in- 
dividuals which  differ  from  other  members  of  a  genus. 

Sporoblast  (<nropa,  seed,  -f  /SAaoros,  a  germ),  the  mother  cell  which  gives 
rise  to  sporozoites, 
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Sporocyst  (<nropa,  seed,  +  icvcrrw,  cyst),  the  resistant  outer  covering  of 
the  spore. 

Sporogony  {(nropd,  seed,  +  yaina,  generation),  multiple  sexual  reproduc- 
tion with  the  formation  of  spores. 

Sporozoites  ((nropa,  seed,  +  ([wyv,  animal,  +  Irrf^,  like),  a  young  repro- 
ductive germ,  formed  in  a  sporoblast  after  fertilization. 

S]rmbi08i8  ((rvfiPiwrK,  a  living  together),  the  living  together  of  certain 
organisms,  each  of  which  is  necessary  to  the  other. 

Syngamy  (<rw,  together,  4-  yofKKf  marriage),  sexual  reproduction. 

Toxoid  (to^cicov,  poison,  +  oid),  toxin  which  while  still  combining  ^th 
antitoxin  has  become  so  idtered  that  it  no  longer  causes  poisonous  effects. 
Ehrlich  supposes  the  haptophore  group  remains  intact  after  the  destruction 
of  the  toxophore  group. 

Toxon  (ro^cxov,  poison,  -{-  on),  name  given  to  a  secondary  toxin 
produced  by  diphtheria  or  other  true  toxin-producing  bacteria  when  this 
differs  in  its  characteristics  from  the  toxin  of  primary  importance. 

Toxophore  (ro^ocov,  poison,  +  <fH}poq,  bearing),  term  applied  to  the  group 
of  atoms  which  is  the  carrier  of  poisonous  action  to  the  cell. 

Trophozoite  iTpo<f>rj,  nourishment,  {(W,  animal,  +  in;$,  like),  the 
young  vegetative  cell. 

Vimlence  (L.  vimlentus,  ftill  of  poison),  the  power  possessed  by  or- 
ganisms to  produce  injury  by  growth  in  a  living  host  with  the  formation  of 
poisonous  substances.  The  variations  in  virulence  of  an  organism  in  different 
species  of  hosts  are  due  more  to  the  ability  of  that  organism  to  grow  than 
to  its  ability  to  produce  poisonous  substances. 

Zygote  ({vy(tfT09,  yoked),  a  fertilized  cell,  produced  by  the  union  of 
gametes  in  lower  plant  or  animal. 

Z]rmophore  (iw»  leaven,  ferment,  +  ^l>op<K,  bearing),  term  applied  to 
the  group  of  atoms  which  exerts  a  ferment  action  on  the  cell. 
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Abbe  condenser,  68 

Abbott 's  bottle  for  collecting  water,  477 

Abrin,  84 

Abscess,  various  producers  of,  358 

Achorion  Schoenleinii    (favus  fungus), 

466 
Acid-fast  bacilli,  345 
Acids,  as  disinfectants,  103 
from  carbohydrates,  89 
effect  of,  on  bacteria,  103 
formation    of,    from   alcohol,    etc., 
91 
Actinomyces,  451 
isolation  of,  454 
occurrence  in  animals,  455 
Actinomycosis,  451-455 
Aerobic  bacteria,  41,  97 
Aerogenes  capsulatus,  bacillus,  413 
JBstivo-autumnal   parasite    of   malaria, 

587 
Agar,  nutrient,  35 

Agglutination  of  bacteria,  in  hanging 
drops,  71 
nature  of  substances  concerned  in, 

171 
relation  between  agglutinating  and 

bactericidal  powers,  179 
testing  of,  71.    See  aJso  Individual 
bacteria. 
Agglutinins,    absorption    methods    for 
differentiation  of,  176 
characteristics  of,  172 
development  of,  174 
group,  173,  174 
loss  of  power  of  bacteria  to  absorb, 

178 
specific  and  group,  174, 175 
Agglntinoids,  172 
Aggressins,  168 

Agitation,  influence  of,  on  bacteria,  93 
Agramonte,  on  yellow  fever,  475,  623 
Air,  bacteriological  examination  of,  485 
Alexines,  159, 166 
Alkaline  blood  serum,  38 
Amboceptor,  166 
Ammonia,  demonstration  of,  87 
Amoeba  coli  (see  Entamoeba  coli),  524 
Amebfe,  518 

characteristics  of,  518 

cultures,  522 

material  for  class  study,  521 

sites  of,  in  the  human  body,  520 

stains  for,  522 

in  different  diseases,  533 


Amebida,  515 

Anaerobic  bacteria,  53,  97 

associated  with  aerobic,  54 
culture  methods  for,  53 
Anaphylaxis.    See  Serum  Sickness. 
Aniline  dyes,  58 

basic  and  acid,  58 
germicidal  properties  of,  58 
oil  as  mordant,  61 
Animals,  use  of,  for  diagnostic  and  test 
purposes,  127 
inoculation  of,  127, 128 
Anopheles  maculipennis,  593 

punctipennis,  593 
Antagonism,  94 
Antagonists,  94 
Anthrax  bacillus,  415 

biological  characters  of,  417-18 
growth  in  media,  416 
identification  of,  422 
infection,  how  caused,  420 

prophylaxis  against,  421 
morphology  of,  415 
non-spore-bearing  varieties,  418 
occurrence  in  cattle  and  sheep, 
419 
in  man,  420 
pathogenesis,  419 
spore  formation,  417 
staining,  416 
bacteriological  diagnosis  of,  421 
symptomatic,  422 
Antibacterial  sera,  testing  power  of,  154, 

163 
Antibodies,  in  general,  150-157 
Antigens,  167 

Antiseptic,   table   of  antiseptic  values, 
108 
action,  99 
Antisera,    167,   168 
Antitoxins,  absorption  of,  156,  242 

Ehrlich's  theory  for  production  of, 

160-163 
elimination  of,  by  the  body,  156 
in  general    (see  also  under  Diph- 
theria and  Tetanus),  150 
methods  of  administration  of,  156 
nature  of,  159 
other  theories  as  to  production  of, 

161 
production  of,  for  therapeutic  pur- 
poses, 154 
stability  of,  in  the  serum,  156 
Antituberculous  serum,  336 
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ApparstiUy   cleanaipg  and  sterilization 

of,  41 
Arnold's  steam  sterilizer,  34 
Aromatic  products  of  decomposition,  87 
Arrhenius,  on  diphtheria  toxin,  225 
Arthroepores,  17 

development  of,  17 
Articular  rheumatism,  473 
Ascitic  fluid,  37 
Atkinson,    constitution    of    diphtheria 

antitoxin,  214 
Attenuation  of  virulence,  24 
Autoinfection,  148 
Autopiy  of  test  animals,  129 
Avian  Pest,  475 

B 
Babesia  (see  Piroplasma  bigeminum), 

540 
Bacillary  dysentery,  274 
Bacilli,  acid-fast,  345 

general  characters  of,  11 
Bacillus     (see    also    under    individual 
names),  8 

acidophilus,  252 
Bacillus  aerogenes  capsulatus,  413 
sporogenes,  253 

alcaligenes,  273 

anthracis,  415 

flymptomatici,  422 

of  blue  pus,  407 

botulinus,  271 

of  bubonic  plague,  446 

butter,  348 

coU  communis,  254 

definition  of,  11 

diphtheria,  193 
•like,  206 

of  Ducrey,  405 

of  dysentery,  274 

enteritidis,  271 

fscalis  alcaligenes,  273 

of  Priedlander,  388 

of  glanders,  440 

of  green  pus,  407 

grass,  348,  488 

icteroides    (in  yellow  fever),  449, 
621 

of  influenza,  395 

of  Koch-Weeks,  356 

lepra,  345 

of  leproiy,  845 

of  Lustgarten,  345 

of  malignant  oedema,  412 

mallei,  440 

paracolon,  254 

paradysentery,    274 

paratyphoid,  268 

pneumo-,  of  Friedlander,  388 

pntriflcus,  253 

proteus  vulgaris,  409 

psittacosis,  269 

pyocyaneus,  395 

of  smegma,  345 

of  soft  chancre,  405 

of  tetanus,  236 


Bacillus  subtilis,  450 

of  timothy  grass,  348 
of  tuberculosis,  311 
ot  typhoid,  283 
Bacteria,  adaptation  to  environment  of, 
55, 137, 138,  139 
aerobic,  97 
in  air,  485 
anaerobic,  53,  97 
attenuation  of,  99 
basic  forms  of,  7,  8 
behavior  towards    oxygen,  95 
botanical  relationship  of,  9 
characteristics  of,  7 
chemical  composition  of,  24 
classiflcation  of,  8 
cultivation  of,  33 
definition  of,  7 
degeneration  of,  160 
destruction  of,  by  chemicals,  99 
duration  of  life  in  pure  water,  95 
dissemination  of,  146 
effects  of,  77 
elimination  of,  from  the  body,  146, 

149 
examination  of,  in  tissues,  65 
general  characteristics  of,  7 
higher  forms  of,  8 
identification  of,  in  milk,  488 
involution  forms,  19 
influence  of  one  species  upon  an- 
other, 93 

of  reaction  of  media  on,  27 
local  effects  of,  139,  140 
lower  forms  of,  8 

manner  in  which     they  excite  dis- 
ease, 136,  140 
mesophilic,  29 

morphology  and  structure  of,  9 
motility  of,  76 
nitrification  by,  88 
nuclear  substances  in,  114 
numerical  estimation   of,  in  milk, 

487 
nutrition  of,  25 
parasitic,  139 
pathogenic,  in  milk,  489 
products  of  the  growth  of,  77 
psychrophilic,  29 
relation  of,  to  disease,  136 

to  other  microorganisms,  7 

to  next  higher  plants,  8 

to  oxygen,  26 

to  protozoa,  7 

to  temperature,  43 
reproduction  of,  16 
saprophytic,  138 
in  soil,  485 

spore  formation  of,  17 
staining  of,  57 
structure  of,  13 

symptoms  and  lesions  due  to,  prod- 
ucts of,  141 
thermophilic,  29 
varieties  of,  in  milk,  488 
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Bacteria  in  water,  47 

in  vaccine  virus,  602 
Bacterial  cells,  9--16 

structure  of,  13 

ferments,  89 

proteins,  92 

species,  23 

permanence  of,  23 

toxins,  82 
Bactericidal  sera,  150, 157 

properties. of  blood,  157 

substances,  origin  of,  167 
Bacteriolytic  sera,  nature  of,  163 
Bacteriology,  historical  sketch,  1 
Balantidium  coli,  574 
Bedding,  disinfection  of,  111 
Beriberi,  473 

Bertarelli,  ^rphilis  in  rabbits,  566 
Biggs  on  antitoxin  treatment  of  diph- 
theria, 216 
Bile  as  culture  medium,  37 
Black-leg,  422 

Blanchard,  stegomyia  ealopus,  622 
Blastomycetes,  469 
Blepharoplast,  510 
Block  cultures,  49 
Blood,  bactericidal  properties   of,   157 

as  medium,  37 

-serum  coagulator,  38 
Blue  pus,  bacillus  of,  407 
Bodo  lacertes,  571 

urinarius,  571 
Books,  disinfection  of,  121 
Bordet,  bactericidal  sera,  157 

toxin  antitoxin  union,  85 
Bordet-Gengou  phenomenon,  175 
in  syphilis,  667 
in  yaws,  568 
Botulinus  bacillus,  271 
Botulism,  271 

bacillus  of,  271 
Bouillon  media,  33 

nutrient,  34 

glycerine-peptone  nutrient,  35 

mannite-peptone,  35 

sugar  nutrient,  35 
Bovine  tuberculosis,  337 
Bromine,  104 
Broth  {see  Bouillon),  33 

calcium,  381 
Brownian  movement,  76 
Bruce,  micrococcus  melitensis,  404 
Bubonic  plague,  446 

bacillus  of,  446 

biology  of,  448 
morphology  of,  447 
pathogenesis,  448 
diagnosis  of,  449 
immunity  against,  448 
Buchner,   alexine  theory  of   immunity, 
159 

method  for  anaerobic  cultures,  53 
Bunge's  method,  64 
Butter,  bacillus  of,  348 


Oadayebin,  82 
Calcium  broth,  381 

compounds  as  disinfectants,  103 
Calkins,  study  on  smallpox,  597 

life  history  of  Amoeba  proteus,  519 
classification  of  protozoa,  515 
spirochetes  in  tumors,  568 
Calmette  ophthalmo-tuberculin  test,  335 
Camphor  as  disinfectant,  108 
CapfJdi  plate  meditmi,  280 
Capsules  of  bacteria,  15 
staining  of,  63 
Carbohydrates,  action   of   bacteria   on, 

100 
Carbol-fuchsin,  62 
Carbolic  acid  as  disinfectant,  107,  110, 

111 
Carbon  dioxides,  production  of,  by  colon 

bacillus,  257 
Carriages,  disinfection  of,  121 
Carroll,  yellow  fever,  475,  621 
Casagrandi  and  Barbagallo,  entamoeba, 

520 
Castellani,  on  absorption  of  agglutinins, 
181 
on  trypanosomes  in  sleeping  sick- 
ness, 555 
on  spirochetes  in  yaws,  567 
Cell  membrane,  14 
Cellulitis,  streptococci  in,  370 
Centrosome,  510 
Cercomonas  hominis,  539 
Cerebrospinal  meningitis,  390 
Chancre,  soft,  bacillus  of,  405 
Carbon  symptomatique,  422 
Chemotaxis,  76 
Chlamydozoa,  598 
Cleansing  solutions,  109 
Chloride  of  lime,  as  disinfectant,  104, 

110 
Chlorine,  as  disinfectant,  104 
Chloroform,  as  disinfectant,  107 
Cholera,  Asiatic,  425 
diagnosis  of,  435 
inoculation  against,  434 
-red,  reaction,  428 
spread  of,  432 
spirillum,  425 

agglutination,  435 
aUied  organisms  of,  436 
biology  of,  426 
identification  of,  435 
immunity  against,  434 
morphology  of,  426 
occurrence  outside  of  body,  432 
pathogenesis  of,  430 
resistance  and  vitality  of,  429 
staining,  426 
toxin  of,  433. 
Chromidia,  509 
Ciliata,  574 

Cladothrix,  22,  451,  462 
asteroides,  462 
liquef  aciens,  463 
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Claamfieation  of  bacteria,  21,  22 

of  protozoa,  515 
Closets,  dismfection  of,  112 
Oobbett  on  pseadodiphtheria  bacilli,  208 
Cocci,  characters  of,  10 

staphylococcus  pyogenes,  358 
streptococcus  pyogenes,  366 
Coccidioides,  Bexf  ord  and  Gilchrist,  468 
Coccidium  bigeminum,  579 

cuniculi,  578 
Cold,  intense,  effect  of,  on  bacteria,  30 
Coley's  streptococcus  toxins,  371 
Collodion  sacs,  55 

Colon   bacillus,   action    on   nitrogenous 
compounds,  256,  258 
as  disease  producer,  262 
association  with  other  bacteria, 

261 
behavior  toward  carbohydrates, 

256 
biology  of,  254 
in  cystitis,  265 
in  diarrhcBa,  263 
in  inflammations  of  bile  tract, 

264 
differential  diagnosis  from  ty- 
phoid bacillus,  309 
group  of,  254 
growth  of,  on  common  media, 

255 
immunization  against,  260 
indol,  production  by,  258 
methodB  of  isolation,  267 
morphology  of,  254 
occurrence  in  man  and  animals, 

261 
outside  of  intestines,  261 
passage  through  walls  of  intes- 
tines during  life,  263 
pathogenesis,  260 
in  peritonitis,  260 
in  sepsis,  263 
-typhoid  intermediates,  267 
Colonies,  characteristics  of,  46 
counting  of,  43 
study  of,  in  plate  cultures,  46 
various  forms  of,  46 
Complement,  166 
deflection  of,  167 
Bordet  Gengou  phenomenon,  170 
Complete  study  of  a  bacterium,  91,  92 
Conradi  and  Drigalski,  medium,  302 
Copper  sulphate  as  disinfectant,  102 

capsule  stain,  63 
Councilman  on  smallpox,  597 

and  Lafleur,  amebic  dysentery,  519 
Counting  of  colonies,  43 
Cover-glass,  preparations,  how  made,  56 
how  stained,  57 

how  to  .render  slips  free  from 
grease,  56 
thickness  of,  69 
Cowpox,  etiology  of,  597 

relation  to  smallpox,  596 
Creolin,  as  disinfectant,  108 


Creosote,  as  disinfectant,  108 
Crescent  bodies  in  malaria,  588 
Cresol,  as  disinfectant,  107 
Culex,  in  malaria,  592 
Cultivation  of  bacteria,  43 

of  protozoa,  513 
Culture,  anaerobic,  53 

block  and  hanging  mass,  49 
media,  preparation  of,  33 

reaction  of,  39 
titration  of,  40 
plate,  making  of,  43 
pure,  50 
Curtis,  saccharomyces,  471 
Cyclasterion  scarlatinale,  604 
Cyst  formation,  512 
Cytolytic  serum,  163 
C^oplasm,  508 


Dbgolorizing  of  stained  smears,  61 
Delhi  boil,  545 

Demonstration  of  ammonia,  87 
Dengue,  475 
Deuterotoxins,  85 

DiarrhoBa,  relation  of  bacteria  in  milk 
to,  489 
agglutinin  development,  223 
Diphtheria,  antitoxin,   212 

deleterious  effects,  217 
globulin  preparation,  220 
nature  of,  214,  219 
persistence  of,  in  blood,  223 
production  of,  for  therapeutic 

purposes,  212 
refining  by  separation  of  anti- 
toxin, 219 
result  of  treatment  of,  212 
results  of  use  of  refined,  221 
testing  of,  214,  215,  225 
unit  of,  226 

use  of,  in  treatment  and  im- 
munization, 216 
bacillus,  193,  194 

agglutination  of,  223 

animal  inoculation  as  test  for 

virulence  of,  232 
biology  of,  196 
characteristic   appearances    of, 

195 
in   diagnosis,  value   of   detec- 
tion, 227 
exudate  due  to,  contrasted  with 
that  due  to  other  bacteria, 
228 
growth  on  agar,  198 
on  blood  serum,  197 
in  bouillon,  199 
in  ascitic  bouillon,  200 
in  milk,  200 
in  healthy  throats,  204 
human  inoculation  of,  201 
isolation   by   means   of   serum 
bouillon,  200 
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Diphtheria  bacillus,   isolation  of,  from 
plate  cultures,  199 
morphology,  194,  195,  196 
non-virulent  forms  of,  205 
pathogenesis,  200 
persistence  of,  in  throats,  204, 
206 
of  characteristics  in  types 
of,  206 
resistance  to  heat,  drying,  and 

chemicals,  196 
staining  of,  194 
virulent,  in  healthy  throats,  204 
virulence  in  cases  of  diphtheria, 

203 
varieties  of,  207,  210 
characteristic  appearances,  225 
direct  microscopic  examination  of 

exudate  of,  232 
examination  of  cultures  for  diag- 
nosis, 229 
historical,  193 
human  inoculations,  201 
-like   bacilli,   virulent    for   guinea- 
pigs,    but    not    producing    diph- 
theria toxin,  204,  205 
mixed  infection  in,  226 
relation   of   bacteriology  to   diag- 
nosis, 225 
resistance  to  heat,  drying  and  chem- 
icals, 176 
serum  for  eradicating  the  bacilli  of, 

from  the  throat,  222 
susceptibility     to     and     immunity 

against,  211 
transmission  of,  210 
technique   of   bacteriological   diag- 
nosis, 229 
toxin,  201 

neutralizing  value  of  a  fatal 

dose,  215 
Ehrlich's     partial     saturation 

method  of  study,  223 
production  of,  in  culture  media, 

202 
relation  between  toxicity  and 
neutralizing  value  of,  214- 
216 
union  with  antitoxin,  212 
toxoid,  223 
toxon,  224 

transmission  of,  210 
value  of  cultures  in  diagnosis  of, 
227 
Diphtheritic  inflammations,  location  of, 
228 
tissue  changes  in,  200 
Diplococcus  intracellularis  meningitidis, 
390 
of  pneumonia,  378.     See  Pneumo- 
coccus. 
Disease,  liability  of  bacteria  to  cause, 

146,  147 
Disinfectants,  102 
gaseous,  103 


Disinfectants,  organic,  104 

strength  of,  100 
Disinfection,  definition,  99 
by  heat,  30 

in  contagious  diseases,  111 
of  books,  121 

practical,  of  house,  person,  instru- 
ments, and  food,  109,  111 
Dourine,  554 

Dri^^alski  and  Gonradi,  medium,  302 
Drymg,  effects  of,  on  bacteria,  95 
Ducrey,  bacillus  of  soft  chancre,  405 
Dunham's  peptone  solution,  36 
Dysentery,  amebic,  519 
bacillary,  274,  276 
bacillus,  274 

Agglutination      characteristics, 

279,  280 
biology  of,  278  . 
mannite   fermenting   varieties, 

276-279 
morphology  of,  274 
pathogenesis  of,  275 
relation  to  paradysentery  ba- 

ciUi,  281 
types  of,  281 
historical  notes  of,  274 
pathology  of,  276 

E 

Ebebth,  bacillus  of  typhoid,  283 
Ehrlich  on  diphtheria  toxin,  223,  224 

on  nature  of  cytolytic  sera,  164 

on  the  nature  of  toxins,  214,  215 

partial  saturation,  method  of,  223 

side-chain  theory  of,  159 

standardization  of  diphtheria  anti- 
toxin, 225 
Eimeria  schubergi,  576 
Elective  staining  properties,  60 
Electricity,  influence  on  bacteria,  93 

on  protozoa,  513 
Elimination  of  bacteria  through  milk, 
149 
through  skin  and  mucous  mem- 
brane, 149 
through  urine,  304 
Enantobiosis,  95 
Endocarditis,  401 
Endospores,  17,  18 
Endotoxins,  86 
Entamoeba  buccalis,  523 

coli,  524 

histolytica,  528 
Enterococcus,  252 
Enzymes,  78-80 
Erlenmeyer's  flask,  48 
Erysipelas,  streptococci  in,  370 
Essential  oils  as  disinfectants,  108 
Estivo-autumnal  parasite  of  malaria,  587 
Ewing,  spirocheta  pallida,  560,  565 

spirochetes  in  tumors,  568 

studies  in  variola,  597 
Examination  of  air,  485 
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Examination  of  air  for  tubercle  bacilli, 
339 
of  f SBces  and  urine  for  typhoid  ba- 
cilli, 299 
of  hanging  drop,  69 
of  sputum,  339,  343 
of  unstained  bacteria,  69 
of  water,  476 
Eye-piece,  66,  68 


Facultativs  aerobic  and  anaerobic  bac- 
teria, 97 
FsBcalis  alcaligenes,  bacillus,  273 
Fats,  decomposition  of,  88 
Fieces,  disinxection  of,  111 

examination  of,  for  amebae,  525 
for  tubercle  bacilli,  341 
for  typhoid  bacilli,  299 
Fermentation  by  bacteria,  78 

tube,  90 
Ferments,  characteristics  of,  79-83 

diastatic,  80 

inverting,  80 

proteolytic,  79 

rennin-like,  80 
Field,    studies    in    scarlet    fever    and 

measles,  604,  605 
Film  preparations,  56 
Filtration  of  water,  482 
Finkler  and  Prior,  spirillum  of,  437 
Fish,  tuberculosis  in,  339 
Fission  fungi,  7 
Fixation  of  smears,  57 
Flagella,  13 

staining  of,  64 
Flagellata,  537 

classification,  538 

life  cycle  of,  537,  538 

natural   habitat,   538 
Flexner,  dysentery  bacillus,  277 
Flies,  relation  to  trypanosomiasis,  552 
Focusing,  68 

Foot  and  mouth  disease,  474 
Formaldehyde,  as  disinfectant,  104 

in  room  disinfection,  115-120 

poisonous  effects,  106 

Wilson's  rapid  generator,  120 
Formalin,  116,  118 
Fractional  sterilization,  30 
Frambcesia  tropica,  567 
Friedlander,  bacillus  of,  388 
Frosch,  "pure-mixed"  cultures,  513,  522 
Fungi,  fission,  7 

pathogenic  varieties,  467 
Fungus  of  favus,  466 

of  pityriasis,  467 

ray  (actinomyces) ,  451 

of  ringworm,  464 

of  thrush  (soor),  468 


Gabbett's  solution,  341 
Gartner,  bacillus  enteritidis,  267 


Gas,  formation  from  carbohydrates,  90 
production  by  bacteria,  90 
test  for,  91 
Gaylord,  spirochetes  in  tumors,  568 
Gelatin  media,  35 

Germicidal  action,  method  of  determi- 
nation, 99 
Germination  of  spore,  17 
Gessard,  bacillus  pyocyaneus,  407 
Giemsa,  stain,  609 
Glanders  bacillus,  440 

isolation  of,  442 
morphology,  440 
pathogenesis,  441 
diagnosis  of,  443 
immunity  against,  442 
test  for  (mallein),  443 
Globulin,  relation  of  serum  globulin  to 

diphtheria  antitoxin,  213 
Glossina  palpaliB  in  relation  to  tiypano- 
somiasis,  556 
morsitans,  in  nagana,  552 
Glucose  bouillon,  33 
Glycerin  agar,  36 
Goldberger,  yellow  fever,  621 
Goldhom  stains,  561,  594 
Gonococcus,  bacteria  resembling,  395 
culture  media  for,  399 
diseases  excited  by,  401 
in  endocarditis,  401 
occurrence  of,  400 
staining  reactions,  398 
Gonorrhoea,  bacteriological  diagnosis  of, 

401 
Gram's  negative  and  positive  bacteria, 
list  of,  133 
stain,  61,  398 
Granules,  metachromatic,  20 
Grass  bacillus,  348 
Greene  pus,  bacillus  of,  407 
Group  agglutinins,  173 

reaction,  174 
Gruber-Widal  reaction,  491 

persistence  of  reaction,  298 
relation  of,  to  typhoid,  298 
use  of  dead  cultures  for, 
294 
of  dried  blood  for,  293 
of  serum  for,  295 
Guami^ri,  vaccine  bodies,  597 
Gymnamoebida  (see  Amebap),  518 


Haeckel,  protista,  507 
Hajmolysins,  Ehrlich's  studies  on,  164 
Haemoproteus,  595 
Haemoljrtic  sera,  163 
Hapmosporidia,  516,  582 
Haffkine's   preventive   inoculations   for 
cholera,  434 
for  plague,  449 
Halteridium,  595 
Hands,  disinfection  of,  124 
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Hanging  drop  for  study  of  bacteria,  69 

mass,  49 
Hansen,  bacillus  of  leprosy,  346 
Haptophore  ^oup,  160 
Harris,  amebic  dysentery,  520,  530 
Hartmann,  classification,  515 

binucleata,  538,  540 
Hauser,  bacillus  proteus  vulgaris,  409 
Heat,  effect  of  dry,  on  bacteria,  29 

of  moist,  on  bacteria,  30 
Hermann's  fluid,  507 
Herpetomonas,  540 
Hesse,  rapid  cultivation  of  tubercle  ba- 

cUU,  317 
Hiss,  capsule  stain,  63 

dysentery  bacillus,  277 

media  for  typhoid  bacillus,  300 

serum  media,  38 
Historical  sketch  of  bacteriology,  1 

of  protozoa,  505 
Hoffmann,  syphilis,  564,  565 
Hollow  slide,  70 

Huddleston,  prejparation  of  vaccine,  600 
Hydrogen  peroxide,  104 
Hydrophobia,  606.    See  Babies. 


ICB,  bacteria  in,  30^-308 

typhoid  bacilli  in,  306 
Icteroides,  bacillus,  621 
Immune  body,  166 

multiplicity  of,  166 
Immunity,  active,  150-152 
duration  of,  156 
production  of,  152,  153 
passive,  153 
specific,  152 
theories  of,  158 
Impetigo  contagiosa,  473 
Incubators,  51 

low  temperatures  in,  52 
Indol,  258,  428 
test  for,  88 
Infection,  of  blood,  148 

influence  of  quantity  in,  141 
mixed,  143 

modes  of  entrance,  146 
spread  of,  146 

protection    afforded    by    skin    and 
mucous  membranes,  144,  145 
Inflammation  due  to  bacteria,  139 
Influence  of  one  species  upon  growth  of 
another,  27,  94 
rtoction  of  media  upon  growth,  27 
Influenza  bacillus,  350 

afiTglutination  of,  356 
biology,  351 
cultivation,  351 
detection  of,  in  suptum,  351 
distribution  in  the  body,  352 
immunity  to,  352 
morphology  of,  350 
pathogenesis,  352 
presence  in  blood,  353 


Influenza  bacillus,  resistance,  351 

staining  characteristics,  350 
in  tuberculosis,  353 
Infusion,  meat,  33 
Instruments,  dressings,  etc.,  disinfection 

of,  123 
Interbody,  166 

Intestines,  development  of  bacteria  in, 
146,  248 
anaerobic  conditions  in,  269 
regional  distribution,  249 
si^iiflcance  of  bacteria  in,  248 
methods    used    in    examination    of 
faBces,  249 
Intolerance  to  tuberculin,  331 
Inulin  in  serum  media,  38 
Invisible  microorganisms,  473 
Involution  forms  of  bacteria,  19 
Iodine,  62 
lodin-alcohol,  507 
Iodoform,  107 
Iron  sulphate  as  a  disinfectant,  102 


Japanese  worm,  472 


Kala-azas,  545 

diagnosis  of,  546 
Lei^man  bodies  in,  545 
Kitasato,  235 
Koch,  Bobert,  6 

cholera  spirillum,  425 
tubercle  bacillus,  311 
piroplasma,  542 

-Ehrlich  aniline  water  solution,  62 
-Weeks   bacillus   of   conjunctivitis, 
356 
differential,  diagnosis 

of,  357 
morphology  of,  356 
Kruse,  dysentery  bacillus,  274 
Ryanolophila,  475 


Lactic  acid  producing  bacilli,  504 

Lactose  bouillon,  35 

Lamblia  intestinalis,  573 

Laveran,  Plasmodium  of  malaria,  582 

Leeuwenhoeck,  first  microscope  of,  2 

animalcula,  505 
Leishman  bodies,  545 
Leishmania  donovani,  545 

morphology,  546 

bed  bugs  as  carriers,  547 
Leprosy  bacillus,  346 

differential  diagnosis  of,  348 

morphology  of,  346 

pathogenesis  of,  347 
Leukocjrtes,  production  of  exudates  rich 
in,  129 
part  played  by,  in  immunity,  167 
Ligatures,  disinfection  of,  123 
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Light,  production  of,  bj  baeteria,  77 
influence  of,  on  bacteria,  93 

Lime,  milk  of,  110 

LitmuB,  as  indicator,  39 
media,  36 

Loeffler's  alkaline  solution  of  methylene 
blue  for  staining  diphtheria,  62 
blood  serum,  37 

Lungs,  growth  of  bacteria  in,  145 

Lustgarten's  bacillus,  345.  See  Smegma. 

Ljdenia  gemmipara,  533 

Ljsol  as  disinfectant,  108 


MacGaIiLUM,   sexual   forms   in   halteri- 

dium,  583,  595 
MacNeal,  cultures  of  trypanosomes,  551, 

553 
Mai  de  Caderas,  554 
Malaria,    582.      See    also    Plasmodium 
malariaB. 
historical  note,  582 
immunity,  592 
infection,  how  acquired,  582,  592, 

595 
•like   organisms  in   other   animals, 

595 
mosquitoes  in  relation  to,  582,  592 
technique  of  blood  examination  in, 
585,  594 
Malignant  (Bdema,  bacillus  of,  412 

pustule,  420 
Mallei,  bacillus,  440 
Mallein,  test  for  glanders,  443 
Mallory,  stain  for  negri  bodies,  609 

studies  on  scarlet  fever,  603 
Malta  fever,  404 

spread  by  goat's  milk,  404 
Manmte   fermenting   dysentery  bacilli, 
277 
in  media,  35 
Marble  broth,  381 
Marmorek,  media,  38 

serum  for  tuberculosis,  336 
antistreptococcus,  373 
Material   for  bacteriological    examina- 
tion,    procuring     of,     from 
those  suffering  from  disease, 
130 
routine  technique  of  examina- 
tion, 133 
media  to  be  used,  135 
Measles,  472,  605 
Meat  infusion,  33 

poisoning,  271,  272 
Media,  preparation  and  sterilization  of, 
33 
reaction  of,  39 
storage  of,  41 

various  kinds  of,  34,  35,  36,  37 
Melitensis,  micrococcus,  404 
Meningitis,  bacteriological  diagnosis  of, 
393 
various  organisms  exciting,  395 


Meningococcus,  390 
agglutination,  393 
bacteriological    dia^osis,    393 
biological  characteristics,  391 
morphology,  390 
pathogenesis,  392 

presence  in  nares  of  both  sick  and 
healthy  persons,  393 
in  blood,  393 
resistance,  392 
serum  treatment,  393 
staining,  391 
Merck's  litmus,  40 
Mercury  bichloride  as  a  disinfectant,  102 

biniodide  as  a  disinfectant,  102 
Metachromatic  granules,  20 
Metchnikoff  on  immunity,  158 

spirillum  of,  438 
Metchnikoff  and  Boux,  syphilis  in  mon- 
keys, 565 
Meyer  and  Bansom  on  tetanus  toxin,  242 
Micrococcus  catarrhalis,  395 
biology,  399 
culture  media,  399 
gonorrhoea,  397.    See  6k>nococcu8. 
serum  and  vaccine,  400 
staining,  398 
intracellularis,  390.    See  Meningo- 
coccus, 
lanceolatus,     378.       See    Pneumo- 

coccus. 
melitensis,  404 
tetragenus,  364 
Microscope,  different  parts  of,  66 
Microscopic   examination   of   unstained 

bacteria,  69 
Miescher's  tubes,  580 
Migula,  classification  of  bacteria,  22 
MiSc,  bacterial  contamination  of,  495 
bacteriology  of,  in  relation  to  dis- 
ease, 487 
as  culture  medium,  36 
elimination  of  bacteria  through,  149 
examination  of,  487 
heated  vs,  raw,  in  feeding,  491,  493 
influence  of  cleanliness  on,  501 

of  temperature  on  growth  of 
bacteria  in,  497 
number  of  bacteria  in,  487-495 
pasteurization  of,  32,  498 
pathogenic  properties  of,  490 
sterilization  of,  125 
time  required  for  multiplication  of 

bacteria  in,  489 
transmission  of  disease  through,  503 
Milzbrand,  415.     See  Anthrax. 
Minchin,  sarcosporidia,  580 

and  Fantham,  rhinosporidium,  579 
Mixed  infection,  342 
Moeller's  method  of  staining  spores,  64 
Mosquitoes   as   agents   of  infection   in 
malaria,  582,  583,  592 
in  yellow  fever,  475,  621 
tr3rpano8ome8  in,  554 
Mordants,  61 
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Morphology,  pennanence  of,  9 
Mosaic  diseases  of  tobacco,  475 
Motility  .of  bacteria,  76 
Moulds,  8 

Mucous  membranes,  ability  of  bacteria 
to  penetrate,  145 
disinfection  of,  123 
Muhlens  spirochetes,  562 
Mumps,  473 
Musgrave  and  Clegg,  studies  on  amebie, 

522,  530 
Mycelium,  5 
Mycetozoa,  534 
Myxosporidia,  579 

K 

Naqana,  552 

Negri  bodies  in  rabies,  607 

morphology  of,  610 

smear  method  of  demonstrating,  608 
Neisser  gonococcus,  400 

stain  for  diphtheria  bacilli,  195 

and  Wechsberg  phenomenon,  167 

syphilis,  565,  567 
Neutral  red,  36 
Nitrate  bouillon,  37 
Nitric  acid,  89 
Nitrification,  P8 

Nitrites  and  ^trates  produced  by  bac- 
teria, 88 
Nitrogen  combination,  89 
Nitroso-indol  reaction,  88 
Noma,  473 
Nosema  bombyeis,  579,  580 

lophii,  580 
Novy,  cla^fication  of  mosquito  trypano- 
somes,  540,  554 

germicidal  serum  in  relapsing  fever, 
570 

and  MacNeal,  culture  of  trypano- 
somes,  551,  553 

method   of  making  anaerobic  cul- 
tures, 54 
Nutrient  bouillon,  34 
NuttaU  and  Graham  Smith,  piroplasma 
canis,  543 

bactericidal  properties  of  blood,  157 


OiL-iMMEBSiON  lens«  66 
Ophthalmo-tuberculin  test,  335 
Opsonins,  181 
Opsonic  index,  183 

accuracy  of,  184-188 
diagnostic  value,  191 
variation   in    healthy   persons, 
187 
therapy,  189 
Osmie  acid  as  a  fixative,  507 
Oxygen,  behavior  of  bacteria  towards, 
96 

P 

Pabacolon  bacilli,  268 
Paradysentery  bacilli,  274 


Parasites,  strict,  8 
facultative,  8 
Paratyphoid  bacilli,  268 
fever,  305 
infection,  270 

serum  reaction  in,  271 
Pasteur,  early  investigations,  20 
flask,  54 

studies  in  rabies,  606 
treatment  of  rabies,  617 
by  mail,  621 
Pasteurization,  31-^2 
Pemphigus  neonatorum,  473 
Peptone  solution,  Dunham's,  36 
Peroxide  of  hydrogen  as  a  disinfectant, 

104 
Pest  (bubonic  plague),  446 
Petri  dish,  44 
Petrusky  's  litmus-whey,  36 
Pfeiffer,  influenza  bacillus,  350 
micrococcus  catarrhalis,  395 
Pfeiffer 's  phenomenon,  291 
Phagocytosis,  158 
Phenolphthalein  as  indicator,  39 
Physiologic  salt  solution,  507 
Pigment  production  by  bacteria,  80 
red  and  yellow,  80 
violet,  81 
blue,  81 
Piroplasma,  540 
bigeminum,  540 

morphology,  541 
ticks  as  carriers  of,  542 
pathogenesis,  542 
canis,  NuttaU  and  Graham  Smith's 
studies  on,  543 
Pirquet  (von)  cutaneous  tuberculin  test, 

335 
Pirquet  (von)  and  Shick  theory  of  se- 
rum sickness,  218 
Pityriasis  versicolor,  467 
Plague,  bubonic,  446 
Plasmodiophora  brassicse,  534 
Plasmodium  of  malaria,  582.     See  also 
Malaria. 
flBstivo-autumnal  parasite,  587 
classification,  583 
cycle  in  mosquito,  593 
examination  of  blood  for,  585 
pathogenesis,  583 
quartan  parasite,  589 
staining  methods  for,  594 
tertian  parasite,  584 
malarife,  589 
vivax,  584 
Plate    cultures,    study    of    colonies   in, 
44-46 
technique  of  making,  43 
Plenciz^  Antonius,  2 
Pleuritic  fluid,  37 
Pleuropneumonia,  contagious,  of  cattle, 

474 
Pneumobaeillus  of  Friedlander,  388 
Pneumococcus,  378 

agglutination  reaction,  387 
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PneumococcuSybiolofidcal  characteristics. 

379  ' 

effects  of  drying  and  sunlight  on, 

immunity  to  infection  by,  387 
morphology,  378 
mucosis,  386,  387 
occurrence  in  man  in  health,  383 
special  media  for  cultivation,  380, 
381  ' 

pathogenesis,  382 

presence  in  lobar  and  bronchopneu- 
monia, 383 
in   diseases   other   than   penu- 
monia,  385 
varieties  of,  386 
Polymastigida,  673 
Polyvalent  serum,  167 
Poor,  treatment  of  rabies,  620 
Potatoes  as  culture  medium,  37 
Precipitins,  180 

Pressure,  influence  of,  on  bacteria,  93 
Prior,  spirillum  of  Finkler  and,  437 
Proteins,  bacterial,  82 
Proteosoma,  595 
Proteus,  bacillus,  409 
Protista,  7,  507 
Prototoxins,  85 
Protozoa,  505 

blepharoplast,  510 

centrosome,  510 

chromidia,  509 

classification,  514 

cultivation,  513 

cyst-formation.  512 

cytoplasm,  508 

definition  of,  507 

effect  of  physic  and  chemic  agents 

on,  513 
habitat,  512 
history  ot,  505 

material  for  class  study,  506 
nucleus,  509 
origin,  506 
pathogenesis,  514 

relationship    to    other    microorgan- 
isms, 7,  507 
reproduction,  511 
sexual  phenomena,  511 
structure,  508 
vital  phenomena,  510 
Protozoan -like  bodies  in   smallpox  and 

allied  diseases.  597 
Prowazek,  chlamydozoa,  598 
entamoeba  buccalis.  523 
Pseudodiphtheria  bacilli,  205 
Pseudomembranous   inflammations    due 
to  bacteria  other  than  diphtheria  ba- 
cilli, 227 
Pseudotuberculosis,  streptothrix  in,  457 
Pseudoworm,  472 
Psittacosis  bacillus,  269 
Psychrophilic  bacteria,  29 
Ptomaines,  81 


Pure  cultures,  50 

in  tubed  media,  50 
Pustule,  malignant,  420 
Putrefaction,  88 
Pyocyaneus,  bacillus,  407 
Pyocyanin,  408 
Pyogenic  cocci,  358 


Quartan  parasite  of  malaria,  589 
Quarter  evil,  422 


Rabu&s,  473,  606 
diagnosis  of,  612 
cauterization  of  wounds  in,  620 
experimental  infection,  614 
fixed  virus,  607,  615 
natural  infection,  613 
Negri  bodies  in,  607 
Pasteur's  treatment,  617 
preventive  inoculation  against,  617 
symptoms,  615 
Badium,  influence  on  bacteria,  94 
Rainey  's  tubes,  580 
Rauschbrand,    415.      See    Symptomatic 

anthrax. 
Ray  fungus,  451.    See  Actinomyces. 
Reaction  of  media,  correction  of,  39 
adopted  by  American  Public  Health 
Association,  41 
Receptors,  160 
Reduction  processes,  effect  by  bacteria, 

87 
Reed,  yellow  fever,  475,  621 
Relation  between  agglutinating  and  bac- 
tericidal power,  176 
Relapsing  fever,  spirillum  of,  568 
Reproduction  among  higher  Imcteria,  20 

in  protozoa,  511 
Ricin,  84 
Ricketts  and  Gomez,  immunity  in  rocky 

mountain  fever,  545 
Rosenau  and  Anderson  serum  ackneas, 

219 
Ross,  relation  of  mosquitoes  to  malaria, 
583 
method     of     examining     malarial 
blood,  594 

S 

Saccharomtces,  471 

Busse,  471 

neoformans,  472 

subcutaneus  tumefaciens,  471 
Sanarelli,  bacillus  icterioides,  449,  621 
Sanfelice,  472 
Saprophytes,  facultative,  8 

strict,  8 
Sarcinae,  11 

Sarcosporidia,  580  * 
Sausage  poisoning,  272 
Scarlet  fever,  472,  603 

Field 's  studies  on,  604 
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Scarlet  fever,  Mallory's  protozoan-like 
bodies  in,  604 
streptococci  in,  472 
Schaudinn,  amebie,  520,  534 
entamoeba,  524,. 528 
mosquito  tirpanosomes,  554 
protozoan  life  cycle,  576 
spirocbfete  pallida  in  syphilis,  564 
Schizomycetes,  7 

Schizosaccharomyces  octosporus,  470 
Schoenlein,  achorion  of,  466 
Scurvy,  473 

Sections,  preparation  of,  65 
SepticsBmia,  various  organisms  concerned 

in,  401 
Sera,  antitoxic,  155 
bactericidal,  155 

demonstration  of  nature  of,  165 
therapeutic  value,  155 
polyvalent,  167 
Serum,  alkaline  blood,  38 
antimeningitis,  393 
antipneumococcus,  387 
antistreptococcus,  374,  375 
antityphoid,  291 
bouillon  media,  38 
water  media,  38 

collection   of,   for  diagnostic   pur- 
poses, 132 
diagnosis,    293.    See  Gruber-Widal 

reaction, 
haemolytic,  163 
limit  of  curative  power,  164 
Loeffler's  blood,  38 
media,  37 

production  of  protective,  154 
sickness,  217,  218 
Sewage,  disposal  of,  484 
Shiga,  dysentery  bacillus,  274 
Sinks,  disinfection  of,  112,  113 
Silkworm  disease,  579.  580 
Silver  nitrate  as  a  disinfectant,  102 
Skin,  ability  of  bacteria  to  penetrate, 
144 
disinfection  of,  Furbinger's  method, 
124 
Sleeping  sickness,  548,  555 
Smallpox,  473,  596 

protozoan  bodies  in  smallpox  and 

allied  diseases,  597 
relation  to  vaccinia,  596 
Smear  method  in  diagnosis  of  rabies, 
608 
for  direct  examination  of  milk, 
487 
Smears,  staining  of,  56 
Smegma  bacillus,  345 

differentia]  dia^osis,  345 
morphology,  345 
relation  to  syphilis,  346  i 

staining  characteristics,  346 
Smith  and  Kilborne,  Texas  fever,  540 
Soapsuds  as  cleannng  solution,  109  ' 

Soda  solution  as  disinfectant,  109  I 

Sodium  compounds  as  disinfectants,  103  | 


Soil,  bacteria  in,  485 
Soor,  fungus  of,  468 
South  African  horse  sickness,  475 
Spallanzani,  3 

Species,  influence  of  one  upon  growth  of 
another,  94 

permanence  of,  23 
Specific  agglutinins,  174 
Specificity  of  agglutinins,  172 
SpiriUa,  general  diaracteristics  of,  13 

allied  to  cholera,  425 

variation  in  morphologic  characters, 
13 
Spirillum     of     Asiatic     cholera.       See 
Cholera,  425 

of  Finkler  and  Prior,  437 

of  Metchnikoff,  438 
Spirocheta,  560 

balanitidis,  562 

balbiani,  562 

buccalis,  563 

dentium,  563 

duttoni,  570 

obermeieri,  569 

biological  characteristics,  569 
morphology,  569 
pathogenesis,  569 

pallida,  564 

morphology,  564 
pathogenesis,  564 
immunity  from,  567 

refringens,  563 

vincenti,  563 
SpirochetflB,  cultures  of,  562 

in  frambosia  tropica,  567 

in  mouth,  563 

miscellaneous,  563 

relation   to   protozoa  and  to  bac- 
teria, 560 

in  tumors,  568 
Spores,  17 

arthrospores,  17 

endospores,  17,  18 

effect  of  heat  on,  31 

formation,  17 

germination  of,  19 

resistance  to  heat,  31 

staining  of,  63 
Sporozoa,  575 

life  cycle,  576 
Spotted  fever,  544.    See  also  Meningitis. 
Sputum,  disinfection  of,  112 

methods  of  examination  for  tubercle 
bacilli  in,  339,  342 
of  other  bacteria  in,  342 
Staining  bacteria,  57 

principles  underlying,  57 
Stains,  Gabbett,  341 

blue,  58 

brown,  58 

Giemsa,  609 

Goldhom,  561,  594 

Oram,  398 

green,  58 

Hiss,  63 
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Stains,  Jenner,  594 
Koch-Ehrlich,  62 
Loeffler'Sy  62,  64,  65 
MoeUer,  64 
Neisser,  195 
Nocht-Romanowsky,  594 
red,  58 
violet,  58 
Welch,  63 
Wright,  594 
Ziehl-Neelsen,  62 
Standardizing  of  antitozine,  225 
Staphylococcus,  11 

epidermidis  albas,  363 
pyogenes,  358 

,  ^  occurrence  in  man,  362 
/      pathogenesis,  360 
resistance,  350 
varieties,  364 
Steam  disinfection  chambers,  122 
Stegomyia   calopus    (yellow-fever   mos- 
quito), 621,  622 
Sterilization,  99 
fractional,  32 
of  milk,  125 
Sterilizer,  dry  heat,  42 
Stiles,  classification  of  amebee,  519 
coccidium  bigeminum,  579 
Stitch  abscess,  363 
Stomach,  as  protection  against  bacterial 

invasion.  145 
Storage  oil  media,  41 
Streptococci,  definition  of,  11 
general  characteristics,  365 
bacteriological  diagnosis,  376 
Streptococcus  mucosus  capsulatus,  887. 
See  Pneumococcus  mucosus. 
pyogenes,  366 

cultivation,  367 
hsemolytic  substance,  368 
identification,  348 
immunization  against,   373 
in  scarlet  fever,  376 
occurrence  in  man,  370 
pathogenesis,  369 
toxic  substances  produced  by, 

371,  372 
injected  in  sarcoma,  871,  872 
Streptothrix,  456 
biology,  460 
infection  by,  457 
in  pseudotuberculosis,  457 
spore  formation  by,  461 
Strong,  amebic  dysentery,  531 

dysentery  bacillus,  276 
Structure  of  protozoa,  508 
Sublimate  alcohol  as  a  fixative,  507 
Sulphur  dioxide  gas  in  house  disinfec- 
tion, 103,  122 
Sulphuretted   hydrogen,  production   of, 

86 
Sunlight,  influence  on  bacteria.  93 
Surra,  551 

Symptomatic  anthrax,  415 
Synergists,  94 


Syntozoids,  215 
^hilis,  564 

immunity,  567 

in  man,  566 

in  monkey,  565 

in  rabbit,  566 

spiroehffite  pallida  in,  564 

Lustgarten's  bacillus  in,  564 
Syringes,  disinfection  of,  124 


Tbmpsbatu&e,  effect  of,  on  bacteria,  27, 
29 
on  antitoxin,  225 
Test  for  indol,  88 

nitrites,  87 
Tetanus,  antitoxin,  240 

method  of  administration  of, 

245 
persistence  in  blood,  241 
unit,  241 
bacillus,  biology  of,  236 
duration  of  life,  239 
in  intestines,  235 
morphology,  235 
non-virulent  tyi>e,  247 
occurrence  in  soil,  235 
pathogenesis,  237 
rapidity  of  absorption,  243 
spores  of,  236 
staining  of,  236 
differential  diagnosis,  247 
immunization  against,  246 
diagnostic  proc^nres  in,  247 
in  man,  238 
natural  infection,  238 
toxin,  239 

absorption,  242 
action  of,  in  body,  239 
neutralization  of,  244 
presence  in  blood,  240 
union  with  antitoxin  in  body, 
242 
treatment  with  antitoxin,  245 
Tetrads,  10 

Tetragenus,  micrococcus,  364 
Texas  fever,  parasite  of,  540 

prophylaxis,  543 
Thermophilic  bacteria,  29 
Thermo-regulator,  64 
Thrush  fungus,  468 
Thymol  as  disinfectant,  108 
Ticks,  Boophilus  bovis,  542 
Ixodes  redivius,  542 
in  relation  to  disease,  542 
Timothy  grass  bacillus,  348 
Tinea  barbae,  465 
circinata,  465 
sycosis,  465 
tonsurans,  465 
Tissue,  examination  of  bacteria  in,  65 
Titration  of  culture  media,  40 
Toxins,  Ehrlich's  theory  as  to  the  nature 
of,  84 
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Toxins,  extracellular,  83 
intracellular,  83 
variation  in  amount,  143,  144 
Toxoids,  161 
Toxon,  224 
Toxophore  group,  160 
Trichomonas  vaginalis,  573 

hominis,  573 
TrichophTton  megalosporon,  464 

microsporon,  464 
Trioxymethylene,  117 
Tritotoxins,  88 
Tropical    malaria,    587.      See    ^stivo- 

autumnal  malaria. 
Trudeau,  328 
Trypanosoma,  648 
Brucei,  552 
equiperdum,  554 
equinum,  554 
Evansi,  551 
Lewisi,  548 
in  man,  548,  555 
Theileri,  554 
transvaalense,  554 
Tr3rpano8omia8i8,  552,  556 
diagnosis,  557 

method  of  examination  for,  557 
prophylaxis,  558 
serum  therapy  in,  558 
symptoms,  552,  556 
Tubed  cultures,  51 
Tube-length,  69 

Tubes,  preparation  and  filling  of,  41 
Tubercle  bacillus,  agglutination,  337 
attenuation,  323 
avian,  338 
biology,  312 
bovine,  337 

chemical  constituents  of,  327 
cultivation,  314-316,  317 
diagnosis   by   animal   inocula- 
tion, 344 
discovery,  311 
distribution,  311 
examination    of    material    for, 

339 
human,  337 

immunization  against,  324-326 
in  mixed  infection,  341 
method    of    making   pure   cul- 
tures, 315-317 
microscopic  examination,  339 
morphology,  311 
pathogenesis,  317 
poisons,  318 

action  on  tissues,  318 
resistance,  312,  324 
staining  peculiarities,  312 

in  tissues,  317 
in  urine  and  faeces,  341 
viability,  312 
Tuberculin,  bacillus   emulsion    of   new, 
"B.  E.."  328 
bouillon  filtrate  of,  328 
diagnostic  use  of,  832-335 


Tuberculin,  intolerance  to,  331 
precipitation  of  "  T.  P.,  "328 
therapeutic  use  of,  328-332 
Tuberculins,  328 
original,  327 
Tubercidosis,  agglutination,  337 
bovine  infection  of  man,  323    • 
immunization  against,  324-326 
in  animals,  337 
individual  susceptibility,  324 
in  fish,  339 
mixed  infection,  323 
mode  of  infection,  320 
of  different  regions,  319-321 
prophylaxis,  337 
serum  treatment  of,  336 
U.  S.  Govt.  Directions  for  Inspect- 
ing Herds  for,  333 
Tumors,  injection  of  streptococcus  and 

prodigiosus  toxins  in,  336 
Trurpentine,  oil  of,  as  disinfectant,  108 
Tuttle,  on  streptothrix,  424 
Typhoid  bacillus,  283 

agglutination  of,  291,  292 
biological  characteristics,  283 
carriers,  288 
cultures,  284,  285 
distribution  in  human  subject, 

286 
duration    of   life   outside   the 

body,  289 
elimination   of,  through  urine 

and  fsBces,  287,  304 
in  fsBces,  303 
identification,  309 
isolation  of,  299 

Oapaldi  method,  301 
Hiss'  method,  300 
Drigalski      and      Ck)nradi 
method,  302 
occurrence    in   water,    oysters, 

and  milk,  289 
in  ice,  306 

in  healthy  persons,  288 
unusual  localization,  287 
in  urine,  304 
-colon  intermediates,  268 
communicability,  289 
diagnosis  by  means  of  serum  test, 

298 
due  to  infected  milk,  504 
Gruber-Widal  reaction  in,  291-294 
technique  of  test,  293 
use  of  dead  cultures,  298 
immunization  against,  291 
Typhus  fever,  pathology,  286,  287 

vaccination  against,  291 
Tyrotoxicon,  82 


Ultbamicrosoopic  diseases,  474 

examinations,  74 
Urea,  fermentation  of,  81 
Urine,  bacteria  eliminated  through,  147, 
149 
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Uriney  taberde  bacilli,  examination  for, 
341 
typhoid   bacilli   in,   287,  288,  299, 
304 
Urinals,  cleansing  and  disinfection  of, 
114 

V 
Vaccination,   immunity   conferred   by, 

599 
Vaccine,  bacteria  in,  602 
bodies,  597 
durability  of,  602 
for  variola,  597 
preparation  of,  600 
therapy,  189 

dosage  in,  190 
Variola,  etiology  of,  597.    See  Smallpox. 
Van  Gieson,  staining  method  for  rabies, 

609 
Venins,  84 

Vibrio  Berolinensis,  437 
Metcbnikovi,  438 
of  cholera,  425 
Danubicus,  437 
Vincent's  angina,  233 
bacilli  in,  234 
Virulence,  variation  in  degree  of,  pos- 
sessed by  bacteria,  141 
Vital  phenomena  in  protozoa,  510 

W 

Wassermann,  diphtheria  serum,  222 

Water,  bacilli  of  colon  group  in,  479 

bacteriological  examination  of,  476 

interpretation    of    results, 

479 

contamination  and  purification  of, 

481 
proteus  bacilli  in,  480 
purification   of,  for  domestic  pur- 
poses, 481-483 
on  large  scale,  482 
streptococci  in,  480 
typhoid  bacilli  in,  481 
Weeks'  bacillus,  356.    See  Koch-Weeks. 
Weichselbaum,  meningococcus,  390 


Weigert,  Carl,  169 

Weigert's  law  of  overproduction,  162 

iron-hematoxylin  stain,  507 
Welch,    bacillus    aerogenes    capsulatus, 
413 
capsule  stain,  63,  379 
staphylococcus  epidermis  albus,  363 
Whooping-cough,  473 
agglutinins  of,  354 
Imcilli  found  in,  354 
Widal   reaction.     See  Gruber-Widal. 
Wilson  on  agglutination,  71-74,  295 
apparatus  for  formaldehyde  disin- 
fection, 118,  119 
method  for  anaerobic  cultures,  54 
and  Chowning,  piroplasmata  in  hu- 
man beings,  544 
Wolf-Eisner,  ophthalmo-tuberculin  test, 

335 
Wollstein    on    whooping-cough    bacilli, 

354,  473 
Wool-sorters'  disease,  415 
Worm,  Japanese,  or  pseudo-,  472 
Wright  on  actinomyces,  454 
on  Delhi  boil,  545,  546 
Wright,  S.  E.,  inoculation  against  ty- 
phoid, 291 
opsonin,  181-191 


X-RAYS,  influence  of,  on  bacteria,  94 
Xerosis  bacilli,  205 


Yeasts,  469 
culture,  470 

relationship  to  bacteria,  8 
wild,  470 
YeUow  fever,  475,  621 

bacillus  icteroides,  475,  621 
mosquitoes  in,  621,  622 
Yaws,  567 

Z 

ZnsHL's  carbol-fuchsin  solution  for  tu- 
bercle bacilli,  62 
Zymophore  group,  160 
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